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Abstract 
 
 
Pressure injury is known to cause not only debilitating physical effects, but also lead 
to substantial psychological and financial burdens.  In 2010, The Joint Commission 
International, an international accreditation body of healthcare facilities, reported that 
the incidence of hospital-acquired pressure injury ranged from 2.7% to 29.5%, based 
on the findings of various clinical studies.  According to state-wide point prevalence 
studies, incidence of pressure injury ranged from 7.4% to 17% in various Australian 
states.  In Singapore, the incidence in an acute care hospital was 8.1% in 2005.  
Given such severity of this issue, it remains imperative that nurses identify patients 
that are at risk of developing pressure injury, so that preventive interventions can be 
initiated early.  The Braden scale is used in an acute care hospital in Singapore to 
assist nurses in identifying such patients.  However, research has suggested that 
using risk assessment tools may be no more effective in preventing actual pressure 
injury than clinical judgement.  Despite this, guidelines for the prevention and 
management of pressure injury still recommend that pressure injury risk be assessed 
using a validated risk assessment scale, one of which is the Braden scale.  Research 
has also suggested that impaired mobility is a significant risk factor for developing 
pressure injury, and that mobility assessment alone may be an alternative for 
assessing pressure injury risk for the purpose of instituting preventive interventions.  
This thesis reports on a study evaluating the Braden mobility subscale as an 
assessment tool for identifying risk of pressure injury and in instituting preventive 
interventions, by comparing it with the full Braden scale.  
 
Methods: The research was conducted in two phases; the first being a systematic 
review using the Joanna Briggs Institute methodology.  The systematic review 
explores available literature over a period of 10 years from 2000 to 2010 involving 
adult patients in acute care hospital who are at risk of developing pressure injury 
assessed using the Braden mobility subscale or equivalent mobility assessments 
and/or Braden scale or equivalent scales.  Studies included in the review were 
randomised control trials and observational studies.  The second phase, which was 
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informed by the findings of the systematic review, comprised of a retrospective case-
control study involving review of medical records.  One hundred cases (patients with 
hospital-acquired pressure injury) were matched for age, gender, surgery, length of 
stay, and prior admission to the intensive care unit or high dependency in a one-to-
one ratio of patients who had no pressure injury during the hospitalisation.   
 
Results: The systematic review evaluated the effect of exposure to mobility 
assessment on the incidence of pressure injury and preventive interventions used by 
nurses.  Fourteen databases were searched for relevant articles published in the 2000 
– 2010 period.  In line with the inclusion criteria, only quantitative studies of adult 
patients admitted to an acute care facility that had their risk for pressure injury 
assessed and had an absence of pressure injury on admission were selected for 
review.  Meta-analyses and narrative synthesis indicated that being assessed as 
having mobility impairment was significantly predictive of developing a pressure 
injury.  The gaps in the literature, however, which were identified through the 
systematic review, pertained firstly to the assessment of the Braden mobility subscale 
as being predictive of initiation of preventive interventions. The second area related 
to the evaluation of the subscale as a predictive measure in comparison with the 
Braden scale.  The retrospective case-control study involved review of the medical 
records of one hundred patients who had a reported pressure injury.  These 
individuals comprised the case group and were matched for age, gender, length of 
stay, having had surgery, and having been to the intensive care unit or high 
dependency unit with 100 patients who served as controls, and were identified based 
on having no recorded pressure injury for the duration of the hospitalisation.  Using 
logistic regression, it was found that the Braden mobility subscale was equal to or 
better than the Braden scale as a tool for predicting pressure injury.  In addition, 
other Braden subscales (i.e., moisture, activity, sensory, nutrition, and friction and 
shear) did not improve the prediction of pressure injury.  Additional factors that were 
predictive were vasopressors, orthopaedics, and anaemia.  With respect to the 
preventive interventions, the Braden mobility subscale was comparable only to the 
Braden scale for predicting the need for introduction of pressure-relieving mattress, 
but not for turning in the pressure injury group.  Furthermore, lack of alignment was 
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noted between the Braden scale at the recommended risk levels and the initiation of 
preventive interventions, such as turning and use of skincare products.  The 
misalignment to the preventive interventions was more pronounced with the Braden 
mobility subscale than with the Braden scale.  
 
 
Conclusion: Based on the findings of the two phases of this research, it appears that 
the Braden mobility subscale alone, as an assessment tool used to assess pressure 
injury risk may be comparable to the full Braden scale at predicting pressure injury.  
However, the evidence for prediction or alignment to preventive interventions is 
unclear and further research is required to improve the current understanding of this 
issue. Thus, further research is needed to test the proposed algorithm and the 
findings, which would then be used to inform the development of a larger 
implementation study. 
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Chapter 1   
Introduction 
 
 
The present study focuses on the factors contributing to the development of pressure 
injury and its management, due to the detrimental effect this ailment poses to 
patients.  In one acute care setting, the need to minimise the number of hospitalised 
patients acquiring pressure injury required exploration and evaluation of measures 
administered in order to prevent the development of pressure injury.  The hospital in 
question already used the Braden scale as the assessment tool.  However, there were 
concerns relating to its use, which are outlined in this chapter, together with clinical 
issues specific to the Singapore context.  The justification for exploring the use of the 
Braden mobility subscale alone as a tool for pressure injury risk assessment is 
provided, after which the reader is directed to subsequent chapters of the thesis. 
 
1.1 Global issues with hospital-acquired pressure injury 
 
Pressure injury, the current terminology for what was previously referred to as 
pressure ulcer (Australian Wound Management Association, 2012), causes damage 
to the skin, which can inflict undue pain on an affected individual (Pieper, Langemo, 
& Cuddigan, 2009; Spilsbury et al., 2007), often compromising psychological, 
emotional, physical, and social well-being (Spilsbury et al., 2007).  Hospitalised 
patients are at risk of developing pressure injury.  For example, as indicated in the 
article published on National Health Services website, the health authority of the 
United Kingdom (UK), “one in 20 patients who are admitted to hospital for sudden 
illness will develop pressure ulcer” (NHS, 2012, Who is affected? para. 1).  Among 
many major complications associated with pressure injury, infection is most common 
(Salcido & Propescu, 2012), which if severe requires intensive treatment and 
surgery, often prolonging the hospital stay and increasing the morbidity risk (Allman, 
Goode, Burst, Bartolucci, & Thomas, 1999; Russo, Steiner, & Spector, 2008; 
Siebers, 2007).  Studies conducted in the United States hospital settings reveal that, 
in 2006, in 11.6% of the patients who died in hospital, pressure injury was a 
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secondary diagnosis, compared to 2.6% attributed to all other conditions (Russo et 
al., 2008).  As indicated earlier, the impact of such injuries is not just limited to 
physiological changes.  Individuals may experience psychological and financial 
effects that may also impact negatively on loved ones and those caring for the patient 
(Langemo, Melland, Hanson, Olson, & Hunter, 2000; Niezgoda & Mendez-Eastman, 
2006).  Prolonged hospitalisation adds to the financial burden for the patient and 
hospital.  In the United States, the estimated cost for managing hospitalised patients 
with pressure injury amounted to $11 billion in 2006 (Russo et al., 2008).  In 2011, 
the estimated additional cost of managing hospital-acquired pressure injury was 
AU$12.2 million in Western Australia (Mulligan, Prentice, & Scott, 2011).  This 
issue remains a significant, yet avoidable cost for all concerned.  
 
Preventing pressure injuries from developing during a patient’s stay can pose a great 
challenge to those practising in healthcare institutions.  However, despite extensive 
research and notable advancement in pressure injury preventive management, 
pressure injury remains a serious problem in all healthcare settings.  According to 
Clever, Smith, Bower, & Monroe (2002), although the highest incidence of pressure 
injury is encountered in long term care settings, most newly developed pressure 
injuries occur in the acute care settings   For example, the latest available figures 
reported in state-wide point prevalence surveys of patients from public acute and 
aged care health facilities revealed, hospital-acquired pressure injuries of 7.4% in 
Western Australia in 2011, 9.2% in New South Wales in 2011, 11.7% in Queensland 
in 2008, 12.0% in Victoria in 2005, and 17.0% in South Australia in 2007 (Mulligan 
et al., 2011).  Based on the data from Victoria, hospital-acquired pressure injuries  
accounts for two-thirds of the total pressure injuries surveyed (Strachan, 2006).  In 
the United States, the incidence of hospital-acquired pressure injury was between 
2.7% to 29.5%, based on the findings of various clinical studies (Joint Commission 
International, 2010).  In the United Kingdom, hospital-acquired pressure injuries  for 
acute hospitals in 2007 were measured in rates ranging from 3.3 to 5.5 per 10000 bed 
days (National Patient Safety Agency, 2009).    In Singapore, findings of a local 
study conducted in a tertiary hospital indicated that 8.1% (54/666) of patients in the 
general wards acquired pressure injury (Chan, Tan, Lee, & Lee, 2005).  
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There are many possible risk factors that may contribute to pressure injury 
development including specific patient characteristics, increased interface pressure, 
and decreased tissue tolerance.  Risk factors that relate to patient characteristics include 
age, gender, body mass index, weight, type or route of admission (Cox, 2010; Kaitani, 
Tokunaga, Matsui, & Sanada, 2010), co-morbidities (Cox, 2010; Lindgren, Unosson, 
Fredrikson, & Ek, 2004), smoking, and length of hospitalisation (Lindgren et al., 
2004).  Recognised risk factors related to increased interface pressure examined 
include mobility, activity, sensory perception, mattress type, frequency of turning and 
repositioning (Kaitani et al., 2010; Lindgren et al., 2004; Papanikolaou, Lyne, & 
Lycett, 2003), and continence (Papanikolaou et al., 2003).  In various studies, risk 
factors related to decreased tissue tolerance comprised of moisture, nutrition, friction 
and shear (Cox, 2010; Kaitani et al., 2010; Lindgren et al., 2004), vasopressor 
administration (Cox, 2010), systolic and diastolic blood pressure (Cox, 2010; Lindgren 
et al., 2004), serum albumin levels (Kaitani et al., 2010; Lindgren et al., 2004), 
oedema, haemoglobin, white blood cell count, bony protrusions (particularly those 
near the sacral region), severity of disease (APACHE II score), and maintenance 
medications that could affect skin integrity (for example, sedatives, skeletal muscle 
relaxants, calcium channel blockers, nitrates, catecholamines, prostaglandins, and 
corticosteroids) (Kaitani et al., 2010).  Pertinent literature reveals contradicting 
evidence on the use of diapers for patients with incontinence, with some study findings 
favouring continuing use, with no increased risk for pressure injury (Ayello & Braden, 
2002), whilst other authors recommend avoidance due to the increased risk of injury 
(AHRQ, 2010).  However, there is evidence that the increase in pH from exposure to 
urine, and especially faeces, collecting in the diaper from incontinence, predisposes the 
skin to dermatitis and pressure injury over bony prominences (Gray et al., 2007; 
Shigeta et al., 2009). 
 
Recognising the harmful effects of pressure injury, the Institute for Healthcare 
Improvement (IHI) championed a large major campaign in the US entitled “5 Million 
Lives Campaign”.  Its aim was to prevent harm from pressure injury, which was one 
of the initiatives identified (Institute for Healthcare Improvement, 2012; International 
Guidelines, 2009).  Pressure injury prevention measures recommended by the IHI 
guideline comprise six key strategies, namely conducting a risk assessment on 
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admission, daily reassessment of risk, daily skin inspection, managing moisture, 
optimising nutrition and hydration, and minimising pressure (Duncan, 2007; Institute 
for Healthcare Improvement, 2013).  
 
According to Courtney, Ruppman, & Cooper (2006), most hospital-acquired pressure 
injures are preventable; however, this is only possible if adequate preventive 
measures are instituted.  When a patient develops pressure injury during 
hospitalisation, the implications are that the quality of care provided to the patient 
has been compromised (Russo et al., 2008) since the prevention of hospital-acquired 
(nosocomial) pressure injury is generally seen as a hallmark of good nursing care 
(Wurster, 2007).  The association between pressure injuries and the quality of care 
provided has led the Centre for Medicare and Medicaid Services, a United States 
(US) federal agency (U.S. Department of Health and Human Services, 2008), to 
introduce a scheme to withhold funding for treating hospital-acquired pressure 
injuries.  Furthermore, the Joint Commission International considers the prevalence 
of hospital-acquired pressure injury as one of the nursing sensitive care measures in 
their accreditation process (Joint Commission International, 2010).  This signifies 
that the incidence rates of hospital-acquired pressure injury serves as one of the 
indicators of the quality of care provided by the hospital.  Financial disincentives 
have thus become a driver for hospitals in the US to focus on prevention of hospital-
acquired conditions, including pressure injury, and reduce the morbidity arising from 
these conditions (McNair, Jackson, & Borovnicar, 2010).  Further support for using 
pressure injury rates as a proxy for quality of care came from an international 
consensus statement (International Guidelines, 2009).  The guidelines stress the need 
for preventing pressure injury occurrences rather than focusing on treating the 
symptoms.  Thus, the focus of this research is to contribute to the existing body of 
knowledge on prevention of pressure injury by exploring this issue within the adult 
patient population, hospitalised in an acute care setting in Singapore. 
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1.2 The clinical problem in an acute setting in Singapore 
 
Since the majority of data related to pressure injuries has been obtained in the United 
States, it is important to consider other settings when discussing pressure injury, as it 
is a problem affecting patients’ hospitalised worldwide.  Figure 1.1 presents the 
pressure incidence data from an acute care hospital in Singapore—the setting for the 
research being reported in this thesis.  The hospital serving as a research site for this 
study provides 1068 beds for patients requiring tertiary acute care and 
comprehensive medical services (National University Hospital, 2012).  
 
The incidence rate of pressure injuries scored as Stage II or higher at this acute care 
hospital was highest in 2007 and 2008, followed by 2009, when compared with other 
similar-sized hospitals in Singapore (Ministry of Health Singapore, 2013).  In 2007 
and 2008, the incidence rates inclusive of Stage I pressure injury were 0.5 and 0.54 
per 1000 bed days, respectively (see Figure 1.1).  Subsequently, the pressure injury 
incidence rates have demonstrated a downward trend, probably due in part to the 
replacement of the standard hospital mattresses with the pressure-reducing mattress 
(Pentaflex) and implementation of preventive initiatives at the hospital.  As a result 
of these measures, pressure injury incidences in this acute care setting for 2010 and 
2011 were 0.26 and 0.18 per 1000 patient days, respectively.  Compared to the UK 
figures, the Singaporean rate was lower than the minimum reported UK pressure 
injury incidence (0.33 per 1000 patient days).  However, similar comparison cannot 
be made with the US or Australian figures, as the data reported were based on 
prevalence survey, which differed from the data reported in this acute care hospital.  
Nevertheless, Duncan (2007) contended that the target set by healthcare institutions 
to reduce pressure injury was inadequate and, with the view that pressure injury is 
preventable, she argued that the goal should be ‘zero’.  Although this is based on 
opinion and not evidence, aiming towards achieving this goal serves as an impetus 
for pursuing the work on this clinical problem of reducing the pressure injury 
incidences in the Singaporean hospital. 
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Financial year begins in April 
Source: Electronic hospital occurrence report, National University Hospital, Singapore. 
 
Figure 1.1: Hospital-acquired pressure injury rate per 1000 bed days for 2005 to 2011  
 
 
 
Stakeholders at the hospital were engaged with the intent to identify the key causes 
of pressure injury (Figure 1.2).   
 
 
 
 
Figure 1.2 Mind map of clinical question on possible contributing/reducing factors of 
pressure injury 
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After considering the relevant local and wider knowledge of the factors contributing 
to pressure injury development, and following an extensive deliberation, the focus 
was narrowed to determining the optimal pressure injury risk assessment tool.  This 
was confirmed as correct and most effective approach, as tackling the problem of 
identifying the appropriate assessment of pressure injury would have greater impact 
and significance to nursing practice in comparison to solving isolated problems, such 
as minimising the adverse effects of using disposable, absorbent, continence care 
products such as diapers (nappies), for example.  
 
Risk assessment tools are used to identify those at risk of pressure injury so that 
preventive interventions can be initiated (Bergstrom, 2008).  At the Singaporean 
acute care hospital, the Braden scale is used as a tool to assess patient’s risk of 
developing pressure injury.  The Braden scale is a psychometric pressure injury risk 
assessment scale, originally developed for use in nursing homes (residential care 
facilities) to identify patients at risk for developing pressure injury (Braden & 
Bergstrom, 1989).  
 
The Braden scale consists of six subscales related to sensory perception, moisture, 
activity, mobility, nutrition, and friction and shear.  Each subscale has four ratings 
scored from 1 to 4 with increasing levels of severity, except for friction and shear, 
which has three ratings.  Table 1.1 presents an abridged version of the Braden scale 
that is used at this acute care hospital.  The abridged version reflects only the 
headings of each Braden scale, whereby a slight modification to the heading was 
made for the terms “bedfast” and “chairfast”, which were respectively replaced by 
“bed bound” and “chair bound” to contextualise to local language use and to elicit 
better interpretation of the term locally when performing the assessment.  In the full 
version, the terms are operationally defined.  The full version of the Braden scale is 
made available in the ward to the nurses as a reference (see Appendix A).  
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Table 1.1 Abridged version of the Braden scale used at the acute care hospital 
BRADEN SCORE 
SENSORY MOISTURE ACTIVITY MOBILITY NUTRITION FRICTION 
4 No 
Impairment 
4 Rarely Moist 4 Walk 
Frequently 
4 No 
Limitation 
4 Excellent   
3 Slightly 
Impaired 
3 Occasionally 
Moist 
3 Walk 
Occasionally 
3 Slightly 
Limited 
3 Adequate 3 No 
Apparent 
Problem 
2 Very 
Limited 
2 Moist 2 Chair Bound 2 Very 
Limited 
2 Probably 
Adequate 
2 Potential 
Problem 
1 Completely 
Limited 
1 Constantly 
Moist 
1 Bed Bound 1 Immobile 1 Very 
Poor 
1 Problem 
Note: For full description of the Braden scale, refer to Braden and Bergstrom (1989) or visit 
www.Bradenscale.com website 
 
 
The sum of the subscale scores determines the pressure injury risk level for the 
assessed individual, whereby lower score indicates higher risk for developing 
pressure injury.  The score corresponds to five risk levels—“very high risk” (score 9 
or less), “high risk” (score 10 to 12), “moderate risk” (score 13 or 14), “mild risk” 
(score 15 to 18), and “no risk” (score 19 or above).  The risk levels and the 
recommended preventive intervention measures associated with the risk levels are 
summarised in Table 1.2.  In this acute care hospital, the naming of the risk levels 
differed from the published protocol in that “mild risk” is referred to as “low risk” 
and “moderate risk” is referred to “medium risk”.  Moreover, the numerical values 
corresponding to the Braden scores for “mild risk” and “no risk” have also been 
modified, whereby  the acute care hospital assigns the former for the score of 15 to 
16 ( instead of 15 to 18), and the latter to score of 17 and above (instead of 19).  
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Table 1.2 Summary table of Braden scale preventive intervention protocol by risk 
levels based on Braden (2001) 
Risk 
Level 
(score) 
Turning 
Use 
foam 
wedges 
for 30O 
re-
position 
Protect 
heels 
Maximal re-
mobilisation 
Manage 
moisture, 
nutrition, 
friction & 
shear 
Support surface 
Pressure 
reduction 
Pressure- 
relieving 
No Risk 
(≥ 19) 
 
      
Mild Risk  
(15-18)  
9 
 9 9 9 9  
Moderate  
Risk 
(13-14)  
9 
(+planned 
schedule) 9 9 9 9 9  
High Risk 
(10-12)  
9 
(+planned 
schedule + 
small shifts 
in position) 
9 9 9 9 9  
Very High 
Risk  
(≤ 9)  
9 
(+ planned 
schedule + 
small shifts 
in position) 
9 9 9 9  9 
 
 
From the information presented in Table 1.2, it appears that all preventive 
interventions of turning, use of foam wedges for repositioning, maximal 
mobilisation, protecting heels, and provision of support surfaces were to be instituted 
for patients whose Braden scale score indicated “mild risk” to “very high risk” for 
pressure injury.  With the exception of “no risk”, there appeared to be minimal 
variance in the recommended interventions for all levels of Braden scale risk.  Some 
variation in the use support surfaces was, however, noted (Braden, 2001).  In 
congruence with the information presented in Table 1.2, an individual is classified as 
being at risk for developing pressure injury if the total score is 18 and below (Ayello 
& Braden, 2002). 
 
The Institute for Clinical System Improvement (ICSI) and the Joanna Briggs Institute 
support the use of the Braden scale to screen for risk of pressure injury (Joanna 
Briggs Institute, 2008; Perry et al., 2012).  The guidance is that the risk assessment 
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should be followed by an assessment of mobility status when the risk level of  
moderate  or higher risk is identified (Joanna Briggs Institute, 2008).  Subsequently, 
preventive interventions, such as provision of support surfaces and repositioning 
every two hours, are to be initiated based on the assessment of mobility status.  It 
appears, therefore, that the risk assessment tool serves to screen for patients who are 
“at risk” and “not at risk” for developing pressure injury, as has been suggested by 
Brown (2004).  Subsequently, preventive interventions are recommended when a risk 
of pressure injury is identified.  This finding was affirmed by a review of the 
literature that explored the relationship between the level of risk and the type of 
prevention used (Anthony, Parboteeah, Saleh, & Papanikolaou, 2008).  In a similar 
review, nine research reports evaluating the predictive accuracy of the Braden scale 
were identified (Brown, 2004).  The author concluded that the cut-off score that best 
predicts pressure injury ranged from 16 to 19. 
 
More recently, according to the algorithm published in the Pan Pacific guidelines, it 
was recommended that validated pressure injury risk assessment scale is used in 
conjunction with comprehensive risk assessment and a complete skin assessment to 
assess for risk of pressure injury (Australian Wound Management Association, 
2012).  For clarification purposes a comprehensive risk assessment includes clinical 
history, mobility and activity, intrinsic and extrinsic factors, psychosocial history, 
continence, and cognition (Australian Wound Management Association, 2012).  This 
compendium of assessments appears to be used as a form of screening for high risk 
of pressure injury that, if identified, requires instituting preventive interventions.  
However, an operational definition on how the multitudes of assessments are 
compounded to determine high risk of pressure injury is lacking.  Thus, the nurses 
are required to use their own discretion in making clinical judgment when 
synthesising all this information to make a diagnosis of the patient being “at risk” or 
“not at risk” of developing pressure injury.  
 
The current pressure injury risk assessment practice at the Singaporean acute care 
hospital requires that the Braden scale is performed once upon patient admission to 
the hospital.  It is also a practice in this acute care hospital to reassess for pressure 
injury risk using the Braden scale when there is a need for ordering pressure-
relieving mattress.  In accordance with the hospital’s Standard Operating Procedure 
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(SOP) (National University Hospital, 2007), a Nimbus or Autologic 200 pressure-
relieving mattress is recommended when the Braden scores is 10 or below, and an 
Alpha x-cel or Autologic 110 is recommended when the Braden score is 11 or 12.  
However, in 2006, retrospective data from 1546 patients who were provided with a 
pressure-relieving mattress during hospitalisation, revealed that about two-thirds of 
the patients who developed hospital-acquired pressure injury were actually given the 
pressure-relieving mattress after the pressure injury had developed and not before 
(Mordiffi, Leong, Tai, & Ong, 2008).  This finding implied that Braden score was 
generated after the pressure injury had developed, and the nurses performed 
reassessment merely for the purpose of mattress ordering.  It was thought that the 
introduction of  routine pressure injury reassessment could lead to the nurses 
identifying the risk earlier and initiating preventive interventions in a more timely 
manner.  The working group concluded that the practice of assessing for pressure 
injury risk only once upon admission and occasionally for ordering of the pressure-
relieving mattress was inadequate.  However, there was uncertainty about the optimal 
frequency of reassessment to be recommended.  In addition, the group raised another 
query pertaining to instituting preventive interventions in individuals that were 
identified as “at risk” for developing pressure injury.  In order to be effective in 
clinical practice, the risk assessment tool scores have to directly correspond to 
recommending preventive interventions.  Thus, an initial review of the literature was 
conducted to search for evidence on of preventive interventions aligned to the 
Braden scale risk levels.  However, this highlighted  a more pressing concern on the 
use of the risk assessment tool (see Appendix B), and so the focus shifted to 
exploring published sources pertaining to the effective use of the pressure injury risk 
assessment tools. 
 
1.3 Initial research aim  
 
The broad initial aim of the present research study was to explore the use of the 
existing risk assessment scales, such as the Braden scale, as a tool to identify adult 
patients at risk of pressure injury in an acute care tertiary hospital.  However, owing 
to the literature review findings, the research focus was re-directed to evaluating the 
Braden mobility subscale as a risk assessment tool. 
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1.4 Thesis structure 
 
This thesis comprises eight chapters.  The current chapter presents the background 
context for the research problem by outlining the issues faced in the clinical setting 
of a large acute care tertiary hospital in Singapore.  In Chapter 2, the background to 
the problem is explored further by presenting and summarising the current situation 
and providing further justification for the research.  This chapter details the issues 
surrounding the effectiveness of the risk assessment tools and clinical judgment and 
explores evidence related to the use of mobility alone as a potential risk assessment 
tool.  The information presented also helps contextualise the content of the 
subsequent chapters and provides the justification for the research.  Chapter 3 
presents the overview of the methodology, including the conceptual framework 
underpinning the project.  The two methods used to explore this important clinical 
problem consist of secondary research in the form of a systematic review of the 
literature and a case-control retrospective study.  Chapter 4 presents in more detail 
the methods and findings of the systematic review, which synthesised the current 
literature on mobility as a predictor of pressure injury and preventive interventions.  
Chapter 5 builds on the findings from the systematic review and reports the results of 
the retrospective case control study of the Braden mobility subscale as a predictive 
measure of pressure injury, in comparison with the full Braden scale.  Chapter 6 
presents the results of the Braden mobility subscale as a predictive measure of 
preventive interventions for those with pressure injury, in comparison with the full 
Braden scale.  In Chapter 7, the key findings in relation to the existing evidence are 
discussed, focusing on three main questions:  
x Was the Braden mobility subscale predictive of pressure injury?  
x Was the Braden mobility subscale predictive of preventive interventions in 
those with pressure injury?  
x What was the alignment between the assessment and preventive interventions 
in patients with and without pressure injury?   
The strengths and limitations of the study are also reported here.  Finally, Chapter 8 
is the concluding chapter to the thesis in which implications for clinical practice and 
future research are presented. 
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Chapter 2   
Background 
 
This chapter builds on the information provided in Chapter 1 and presents an 
overview of the extant literature related to the use of risk assessment tools for 
identifying risk of pressure injury for the purpose of initiating preventive 
interventions.  A comprehensive review of the literature surrounding the use of risk 
assessment tools is not presented here, rather, its purpose is to contextualise the 
current study, based on the findings reported in the background literature.  This will 
help form the basis of a much more detailed systematic review, which is reported in 
Chapter 4.  Since the acute care hospital in which the research was undertaken 
utilises the Braden scale, specific reference to this assessment tool is made where 
appropriate. 
 
2.1 Pressure injury risk assessments 
 
Findings of several studies indicate that pressure injury can be averted by 
implementing preventive measures (Lyder & Ayello, 2008).  However, in order to 
initiate preventive interventions appropriately, the specific risks related to the patient 
must first be identified.  There are many risk factors that may contribute to the 
development of pressure injury, some of which have been presented in Chapter 1, 
where it was noted that risk assessment tools have been developed to be used as 
adjuncts to identify patients at risk of pressure injury (Perry et al., 2012).  Some of 
these tools are modelled in the form of risk assessment scales and are used widely in 
many countries and healthcare systems (Anthony, Papanikolaou, Parboteeah, & 
Saleh, 2010). 
 
The use of a validated risk assessment scale has been recommended by pressure 
injury prevention guidelines published by a number of organisations, including the 
Institute for Clinical System Improvement guidelines (Perry et al., 2012), the Pan 
Pacific Clinical Practice Guidelines from Australia (Australian Wound Management 
Association, 2012), the National Institute for Clinical Excellence from the UK 
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(National Institute for Clinical Excellence, 2004), and the combined European and 
US guidelines (European Pressure Ulcer Advisory Panel and National Pressure Ulcer 
Advisory Panel, 2009). 
  
The Braden scale has been singled out in a systematic review, as the most studied 
risk assessment scale (Pancorbo-Hidalgo, Garcia-Fernandez, Lopez-Medina, & 
Alvarez-Nieto, 2006).  The precise details of the validation work undertaken are 
included in the systematic review by Pancorbo-Hidalgo.  It is widely used in 
healthcare facilities, especially in the United States (Lyder & Ayello, 2008) and is 
recommended for use by the Institute for Clinical System Improvement (Perry et al., 
2012).  According to a systematic review published in 2006 (Pancorbo-Hidalgo et al., 
2006), the Braden scale was validated in 20 out of 30 studies, making it a more 
widely evaluated scale than any other pressure injury risk assessment tools   Others 
included the Waterlow scale (evaluated in seven studies), Norton scale (five studies), 
and clinical judgment (three studies).  
 
The Norton scale comprises five subscales—physical condition, mental condition, 
activity, mobility, and incontinence (Norton, 1989), presented in Appendix A.  Each 
subscale is rated from 1 (indicating the highest severity) to 4 (reflecting no 
impairment).  The overall score thus ranges from 5 to 20, indicating decreasing risk 
of pressure injury (Wounds411.com).  The Waterlow scale includes seven risk 
categories, namely build/weight for height, continence, mobility, skin type, sex/age, 
malnutrition screening, and co-morbidities (Waterlow, 2005), as indicated in 
Appendix A.  The Waterlow scale assessment is conducted against three risk levels 
and, unlike the Braden and Norton scales, the higher overall score indicates higher 
risk.  Although there are other scales that can be used to assess pressure injury risk, 
such as Anderson scale, Pressure sore prediction score, Knoll scale, Modified Norton 
scale, Emma scale, Cubbin-Jackson scale, Risk assessment pressure sore, Fragmennt 
scale, and Douglas scale, each of these were validated in only one study (Pancorbo-
Hidalgo et al., 2006).  
 
The Braden scale had been tested mainly in hospital units, and less in other setting 
such as home care services (Pancorbo-Hidalgo et al., 2006), It has shown good inter-
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rater reliability (Pearson’s r: 0.83 to 0.99) compared to other scales, which the author 
attributed to clarity provided by the operational definition of the items in the risk 
assessment scale.  Moreover, most studies that were included in the systematic 
review validated the performance of the risk assessment scales using diagnostic tests 
(Glas, Lijmer, Prins, Bonsel, & Bossuyt, 2003) based on sensitivity, specificity, 
positive predictive values, negative predictive values, and efficacy (Pancorbo-
Hidalgo et al., 2006).  These diagnostic tests were typically generated by comparing 
the outcome of a test result (e.g., at risk/not at risk of pressure injury assessed using a 
risk assessment scale) against the outcome of the disease (e.g., presence of pressure 
injury/absence of pressure injury) as a reference standard (Glas et al., 2003).  The 
Braden cut-off scores used to the determine risk of pressure injury were 16 or less in 
nine studies that were included in the systematic review, and 18 or less in seven 
studies (Pancorbo-Hidalgo et al., 2006).  Using accumulated analysis, the review 
established that the Braden scale gave the best balance of sensitivity (57.1%) and 
specificity (67.5%) when compared to the Norton and Waterlow scales, as well as 
clinical judgment.  In addition, the meta-analysis generated in the review using the 
odds ratio indicated that the Braden scale (OR = 4.08, 95% CI [2.56, 6.48]) best 
predicted pressure injury development compared to Norton scale (OR = 2.16, 95% 
CI: 1.03 to 4.54), Waterlow scale (2.05, 95% CI: 1.11 to 3.76), and clinical judgment 
(1.69, 95% CI: 0.76 to 3.75).  The authors concluded that the Braden scale was the 
most validated out of all other scales, had the best balance of sensitivity and 
specificity, and was the most predictive and reliable risk assessment tool for 
identifying patients at risk for developing pressure injury.  
 
Despite the aforementioned encouraging findings, Anthony et al. (2008) expressed 
concern about using diagnostic measures to evaluate the performance of any 
particular risk assessment scale.  Risk assessment scales are used to identify patients 
at risk of developing pressure injury.  Once identified, preventive interventions are 
supposedly instituted, with the aim of pressure injury prevention.  Hence, as 
diagnostic tests, such as sensitivity and specificity, are calculated based on the 
proportion of pressure injury incidence, the reduction in incidence of pressure injury 
due to successful implementation of preventive interventions would lead to lowered 
estimates of measure sensitivity.  Thus, this may make the use of the diagnostic test 
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results as a measure of the performance of a risk assessment tool invalid or 
inaccurate.  Consequently, Anthony et al. (2008) pointed out that, even after 50 years 
of research, it is still not known if the use of risk assessment scales improves patient 
outcomes.  The authors suggested that validating risk assessment tools within the 
same population might be a more accurate measure of the performance of the risk 
assessment tool.  An even better approach would be to evaluate the performance of a 
tool by comparing the effect of having risk assessment tool against no risk 
assessment tool. 
 
The systematic review referred to above (Pancorbo-Hidalgo et al., 2006) identified 
three studies that followed the approach proposed by Anthony and colleagues, as the 
effectiveness of the use of risk assessment scale was evaluated versus no risk 
assessment scale (clinical judgment).  The Norton scale or its modified version was 
evaluated in all three studies.  Only one study (Gunningberg, Lindholm, Carlsson, & 
Sjoden, 1999) was a clinical trial, but a limitation of the study was that there was no 
random assignment and the study population was restricted to patients within the 
Orthopaedic setting.  The remaining two studies (Bale, Finlay, & Harding, 1995; 
Hodge, Mounter, Gardner, & Rowley, 1990) used a pre-post design.  Only one of the 
two studies (Bale et al., 1995) showed a reduction in pressure injury after the 
implementation of the risk assessment scale compared to the pre-test results.  
However, the author attributed the reduction to increased use of pressure-relieving 
mattresses, which was the main focus of the study.  The review concluded that there 
is no evidence that the use of risk assessment scale was more effective when 
compared to results achieved when no risk assessment scale was employed in 
pressure injury risk assessment.  In all three studies, methodological limitations were 
noted making the validity of the findings from the studies questionable. 
Unfortunately, since risk assessment scales are widely used in healthcare settings and 
are considered best practice, it would not be possible to evaluate the effectiveness of 
a risk assessment tool using a randomised trial, as it would be unethical to withhold 
the use of the risk assessment scale for research purposes (Anthony et al., 2008).  A 
subsequent systematic review stipulating only randomised trials within its inclusion 
criteria, supports this assertion, as it identified no randomised controlled trials that 
evaluated the effectiveness of the use of risk assessment tools (Moore & Cowman, 
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2008).  However, in its subsequent update in 2010, the same review identified one 
study that used cluster randomised controlled trial to evaluate the effect of risk 
assessment scale on incidence of pressure injury.  
 
This study was conducted in a military hospital in Riyadh, Saudi Arabia, in which 
the researchers evaluated the effectiveness of using the Braden scale in this clinical 
setting (Saleh, Anthony, & Parboteeah, 2009).  Prior to the study, the nurses relied on 
clinical judgment to identify patients at risk of developing pressure injury and did not 
use any structured risk assessment tools.  Given that no prior risk assessment tool 
was used, a randomised controlled trial design was employed in a way that the author 
explained was opportune.  As it was not possible to undertake a randomised trial 
where a pre-existing risk assessment tool was already in place for the reasons given 
above, to avoid “contamination” between the groups, the author clustered nine wards 
into three study arms.  Nurses in all three clusters undertook a study day.  Additional 
training on pressure injury prevention and application of Braden scale was provided 
to two of the clusters, and in one of those, the Braden risk assessment scale was 
implemented.  In the two clusters not using the Braden risk assessment scale, nurses 
were asked to score their clinical judgment of pressure injury risk on a scale ranging 
from 1 (indicating no risk) to 5 (corresponding to severe risk).  The study findings 
indicated no significant difference in the incidence of pressure injury between the 
three clusters.  Hence, it appears that assessing pressure injury risk based solely on 
clinical judgment is as effective as using the risk assessment scale.  In addition, as 
the structured risk assessment took longer than clinical judgement, it was noted that 
the time it required could have been better utilised elsewhere in a busy acute care 
setting.  Arguably, the usefulness of a risk assessment tool is of limited value to the 
patient if the tool does not reduce the incidence of pressure injury.  This therefore 
raised the question of the viability of using risk assessment scales in pressure injury 
prevention when the use of clinical judgment may be as good or better at reducing 
the incidence of pressure injury.  
 
Saleh et al.’s (2009) findings contrasted with those of the systematic review by 
Pancorbo-Hidalgo et al. (2006), in which the meta-analysis revealed that clinical 
judgment was not predictive of pressure injury compared to the Braden scale.  
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Firstly, the evaluated studies were diagnostic studies predicting pressure injury 
outcomes, whereas Saleh et al.’s (2009) study was measuring the direct effect of 
using the Braden risk assessment scale on pressure injury development.  Secondly, 
the studies included in the review may not have compared the prediction of clinical 
judgment with the Braden scale within the same study.  Thirdly, Pancorbo-Hidalgo et 
al. (2006) questioned the experience/ expertise of the nurses making the clinical 
judgment, arguing that nurses with experience would make a more accurate 
judgment of a patient’s risk of developing pressure injury, which may have affected 
the results accordingly.  Pancorbo-Hidalgo et al. (2006) argued that clinical judgment 
lacks structure and consequently lacks sufficient prediction capacity to ensure 
consistent accuracy.  
 
Anthony et al. (2008) surmised that performing the complex assessment and scoring 
of the risk assessment scales would be an unnecessary use of nurses’ time if it was 
found that use of clinical judgment was comparable.  Pancarbo-Hidalgo et al. (2006) 
appear to have reached similar conclusion by suggesting that there is not enough 
evidence that the use of risk assessment scales reduced the incidence of pressure 
injury.  However, expertise is a key component of the power of clinical judgement 
and, as such, Pancorbo-Hidalgo et al. (2006) suggested that the lack of consistency of 
assessment based solely on clinical judgment, especially when performed by 
inexperienced practitioners, provides the rationale for continuing the use of the risk 
assessment scales.  Furthermore, evidence that clinical judgment is comparable to the 
Braden scale is limited at the time, in that it has been reported in only one study 
(Saleh et al., 2009).  Thus, it would be risky to abandon the use of a risk assessment 
tool and start depending on clinical judgment to determine pressure injury risk.  
Thus, scores obtained through assessment tool application should be used to initiate 
preventive interventions until further supportive evidence has been produced.  
 
For more than 25 years, Anthony and colleagues have been striving to develop the 
“perfect” risk assessment tool that can be used to assess pressure injury risk, albeit 
without much success (Anthony et al., 2010).  The review of team’s previous work 
indicated that, although the currently available scales appear to be reliable in 
predicting pressure injury risk, some scale components may be redundant and should 
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therefore be removed.  Based on the findings of the review of their previous works, 
Anthony and colleagues suggested that the complexity in the risk assessment scales 
needed to be reduced.  
 
In addition to using risk assessment scales, some guidelines and notable authors have 
also recommended assessment of other pressure injury risk factors.  For example, the 
combined European and National Advisory Panel guidelines recommended 
assessment of activity and mobility.  However, since this is Level C evidence, which 
means the recommendation is based on expert opinion, more evidence is needed 
(European Pressure Ulcer Advisory Panel and National Pressure Ulcer Advisory 
Panel, 2009).  The Pan Pacific clinical practice guidelines (Australian Wound 
Management Association, 2012) recommended use of a validated nutritional 
screening tool (Grade B – good evidence to guide practice) and conducting a 
comprehensive risk assessment using clinical judgment that includes clinical history, 
mobility and activity, intrinsic and extrinsic factors, psychosocial history, continence, 
and cognition (CBR - Consensus agreement not based on evidence).  The National 
Institute for Clinical Excellence guidelines recommend pressure injury risk 
assessment be based on clinical judgment using validated risk assessment tools as an 
aid.  The guidelines further indicated that, although the risk assessment scale 
facilitated systematic assessment, there was insufficient evidence to conclusively 
support its use.  Conversely, reliance of clinical judgment was not explicitly 
recommended due to the difficulty in defining the assessment and lack of research on 
its accuracy.  The Joanna Briggs Institute Best Practice information sheet had, in its 
algorithm, assessment of mobility and nutrition as key risk factors for initiating 
preventive interventions for those that are mobility impaired and had inadequate 
nutrition (Joanna Briggs Institute, 2008).  
 
A preliminary search of the available literature was subsequently undertaken, 
revealing two studies that supported mobility as a significant risk factor (Cox, 2010; 
Lindgren et al., 2004).  The study conducted by Cox (2010) evaluated both the 
theoretically and empirically derived risk factors of hospital-acquired pressure injury 
in the adult patients admitted to the medical surgical intensive care unit in a 500-bed 
hospital in the US.  Logistic regression was used for the data analysis, the results of 
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which indicate that mobility, age, length of stay in the ICU, and cardiovascular 
disease were significant predictors of pressure injury in this setting, with mobility 
having the highest odds ratio (0.439).   
 
Lindgren et al. (2004) examined the risk factors on the RAPS scale, as well as other 
patient demographic factors, in predicting pressure injury in the general medical 
surgical inpatient wards of a university and county hospital in Sweden.  The RAPS 
scale employed in this study was a modified version of the Norton scale, whereby the 
original factors (physical condition, mental condition, activity, mobility, 
incontinence) were complemented by the addition of moisture, food intake, fluid 
intake, sensory perception, friction and shear, body temperature, and serum albumin 
level.  The risk factors were rated from a range of 1 to 4, except for friction and 
shear, rated from 1 to 3.  Serum albumin was also coded and assigned four levels, 
whereby lower the score indicated higher risk (the scores ranged from 10 to 39).  
Mobility was the only risk factor from the RAPS scale to emerge as significant for 
the total sample and for the sub-sample of medical patients, with an odds ratio of 
0.53 (95% CI [0.33, 0.86] p = 0.011).  In the surgical patients, serum albumin was 
also significant (OR = 0.50, 95% CI [0.27, 0.93] p = 0.029).  The failure to identify a 
significant predictive effect of mobility was attributed by Lindgren et al. to early 
mobilisation of the patients in the sample.  Based on the overall results, the authors 
concluded that impaired mobility emerged as a strong predictor of pressure injury 
development. 
 
The link between assessment of mobility impairment and pressure injury preventive 
interventions was further supported by the findings of a descriptive study that 
explored the relationship between the Braden subscale scores and preventive 
interventions (Magnan & Maklebust, 2009).  In this study, nurses from three acute 
care hospitals assessed pressure injury risk factors of 102 patients (resulting in 377 
episodes) using the Braden scale.  Immediately after completing the assessment, the 
nurses were asked to select the most suitable methods from a list of ten commonly 
used preventive interventions, based on the individual Braden subscale score.  The 
available preventive interventions included whole body turning schedule, positioning 
in a 30 degree angle, using pillows or foam wedges to maintain body position, using 
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a pressure-redistributing support surface, floating or suspending heels off the bed, 
using pressure-reducing chair cushion, placing padding between bony prominences, 
consulting a dietician, protecting the skin from moisture, and protecting the skin 
from friction and shear.  The study findings indicate that decline in mobility was the 
only risk factor that significantly predicted the highest number of preventive 
interventions (7 out of 10) endorsed by nurses (see Table 2.1).  Magnan and 
Maklebust used the term ‘endorsed’ to denote the preventive interventions chosen by 
the nurses based on their prior assessment of the patients risk of pressure injury using 
the Braden scale.  For this reason, this term will be used throughout the thesis when 
referring to nurses’ decision making.  According to Magnan and Maklebust (2009), 
this is the first study that provided empirical evidence on the relationship between the 
Braden subscales scores and planning of preventive interventions.  However, the 
authors also suggested that further research be conducted on the actual initiation of 
preventive interventions based on the Braden subscale. 
 
 
Table 2.1 Prediction analysis of Braden subscale and endorsement of preventive 
interventions (Magnan & Maklebust, 2009) 
 
Note: (Subscale score) Odds ratio 
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2.2 The research problem 
 
As previously noted, the Braden scale is widely used for assessing pressure injury 
risk in many healthcare settings around the world.  However, based on the available 
evidence, the use of a validated structured risk assessment tools may have little 
advantage over clinical judgement alone (Anthony et al., 2010; Saleh et al., 2009).  
Conversely, the unstructured manner of assessing pressure injury risk based solely on 
clinical judgment may lead to  inconsistent and inaccurate results..  These might 
affect the subsequent preventive interventions provided.  Therefore, the development 
of a simple alternative to using the full risk assessment tool is now warranted. 
 
The descriptive study by Magnan and Maklebust (2009) was conducted to learn more 
about conflicting recommendations for planning and initiating preventive 
interventions based on the Braden scale risk levels and on the individual Braden 
subscale scores.  The study findings suggest that using the Braden mobility subscale 
alone would have nurses endorsing most of the preventive interventions.  The three 
preventive interventions that were not significantly endorsed by nurses based on the 
Braden mobility subscale were dietician consult, protecting skin from moisture, and 
avoidance of friction and shear.  Furthermore, guidelines reported earlier in this 
chapter already advocate using a validated nutritional screening tool for assessing 
nutritional risk; thus, additional assessment of nutrition, using the Braden scale, 
could be omitted. The evidence base for the other two factors are not discussed here 
although it is important to establish before a decision can be made.  
 
Currently, in the hospital in Singapore where the present study is conducted, the 
patient’s mobility status is assessed during every shift, as part of the existing nursing 
practice.  One study did find that mobility assessment might be predictive of nurses’ 
endorsing or using most of the pressure injury preventive interventions (Magnan & 
Maklebust, 2009).  Unfortunately, during the literature review, no studies were 
identified in which mobility alone was used as an assessment of pressure injury 
development.  
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Therefore, further research is needed to determine whether mobility assessment alone 
is a viable alternative in predicting pressure injury risk or at predicting the initiation 
of appropriate preventive interventions in an acute care setting.   
 
 
2.3 Summary of literature review 
 
The review of the extant literature has revealed that the Braden scale has been 
validated and is the most predictive of risk of pressure injury compared to other risk 
assessment scales and clinical judgment.  However, the function of the Braden scale, 
or an alternative risk assessment scale, as an effective assessment tool that can 
reduce the incidence of pressure injury has been called into question.  Abandoning 
the use of a risk assessment tool and instead depending solely on clinical judgment to 
determine pressure injury risk and initiate preventive interventions would be 
potentially risky, given the level and quantity of evidence currently available.   
 
Based on current evidence, further investigation of appropriateness of assessment 
scale usage is warranted.  It is therefore hypothesised that a newly developed scale 
should be a simplified version of currently available tools, or rely on the use of a 
mobility subscale.  For example, the Braden mobility subscale alone may be a 
reasonable alternative to the use of the complex risk assessment scales evident in 
practice today.  However, no conclusive evidence of its efficacy has yet emerged.  
The next chapter presents the overview of the research methods employed in this 
study to address this gap in the extant knowledge pertaining to this issue. 
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Chapter 3   
Research Methodology 
 
 
 
The aim of this research is to add to the body of extant knowledge on pressure injury 
risk evaluation and management by providing further evidence related to mobility, 
when assessed using the Braden mobility subscale, as a predictor of pressure injury 
development and the need for preventive interventions.  This chapter outlines the 
study objectives, research questions, scope of investigation, and methods.  
Furthermore, the theoretical framework underpinning the work in relation to the 
context of the study setting is also presented. 
 
3.1 Theoretical framework 
 
The theoretical framework for this research is the Knowledge-to-action model for 
translating evidence into practice (Graham et al., 2006; Straus, Tetroe, & Graham, 
2011).  This model captures the need for researchers to engage relevant stakeholders 
and exchange information that results in action (Graham et al., 2006).  The 
Knowledge-to-action model consists of two key concepts, namely knowledge 
creation cycle and action cycle (Graham et al., 2006).  The two phases are 
interdependent and the process between the two phases is interactive.  In this model, 
knowledge creation is represented by a central funnel with three levels of knowledge 
creation contained within a circle (see Figure 3.1).  The levels begin with knowledge 
inquiry comprising a broad knowledge base in which there is dearth of information.  
Here, primary research is undertaken to generate knowledge and fill the gap in the 
evidence.  The next level of knowledge creation pertains to the information filtering 
and synthesis, which may take the form of a systematic review.  At this level, the 
information is distilled and refined such that knowledge becomes more focused and 
usable in answering a clinical question.  When the evidence to inform practice is 
adequate, the knowledge is translated into tools and products in preparation for 
implementation into practice.  In the model, the action cycle forms the outer circle 
where the process of implementation commences from identifying the clinical 
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problem, implementing the evidence in practice, evaluating the outcome of the 
implementation, and sustaining the use of the knowledge.  
 
In the Knowledge-to-action model, the process of knowledge to action is not linear.  
Practice informs the type of knowledge to search for and knowledge informs 
practice.  This process (act) of vacillating between the practice-knowledge domains 
enriches the research and increases the potential for generating findings relevant to 
practice.  
 
 
           
 
Figure 3.1 Knowledge-to-action Framework (Graham et al., 2006; Straus et al., 2011) 
 
 
3.2 Contextualising the Knowledge-to-action model 
 
The advantage of the Knowledge–to-Action model in comparison with other 
translation models is two-fold.  At the outset, during the phase of knowledge 
creation, the researcher considers the relevance and usability of the topic of inquiry 
to the clinical setting during the knowledge creation phase.  In other words, the 
researchers involve, and work closely with, the users of evidence to identify possible 
topics, referred to as problem-focused triggers.  Involvement of stakeholders in the 
Knowledge-to-action process during the knowledge creation phase requires complex 
social interaction (Graham et al., 2006).  Engaging the stakeholder’s input is 
important to ensure that the research topic is relevant for clinical implementation and 
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the programme could be implemented smoothly when it is in partnership with the 
users.  Hence, it is the contention that the implementation would be much more 
successful if the researcher was part of the implementation team. 
 
The Knowledge-to-action model was chosen as the theoretical framework as the 
components of the framework include knowledge creation and tool development.  
The focus of the present research will be on the knowledge creation phase of the 
Knowledge-to-action model since this is an important phase that will inform later 
research specifically focused on implementation of these findings.  Furthermore, 
later stage of the model focuses on stakeholders’ involvement, which is not as 
evident in other models.  Close engagement is possible, as the researcher holds a 
position in the evidence-based nursing unit of the host organisation, and presents a 
unique opportunity for bridging the knowledge-practice gap.  Furthermore, another 
advantage of the Knowledge-to-action model is the additional step of sustaining 
knowledge use, which may not be apparent in other models (Sudsawad, 2007).  Thus, 
based on the gaps identified in the brief literature review, together with the problems 
identified from close working knowledge of the clinical area, it was logical to select 
the Knowledge–to-action model as the underpinning theoretical framework to inform 
and guide this research.  
 
3.3 Overview of research methods 
 
A sequential research design was chosen for this study comprising of two phases that 
integrate the concepts of the Knowledge-to-action Framework.  The outline of these 
phases is presented in Figure 3.2.  The first phase involved secondary research in the 
form of a comprehensive systematic review, whereas the second was a retrospective 
case-control review of patients’ medical records.  The questions posed in the 
systematic review were exploratory in nature and their aim was to establish the 
evidence base associated with the mobility subscale as a potential pressure injury risk 
assessment tool.  It was important that the evidence pertaining to the use of the 
Braden mobility subscale to predict pressure injury and initiate preventive 
interventions was examined and synthesised.  The retrospective case-control study 
was designed to address some of the gaps identified in the systematic review and 
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establish whether the Braden mobility subscale had the potential to be used as a 
proxy to the Braden scale in assessing pressure injury risk and in guiding the 
initiation of preventive interventions.  
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* Note: NPUAP – National Pressure Ulcer Advisory Panel 
            RAS – Risk Assessment Scale 
 KTA – Knowledge-to-action 
Figure 3.2 Overview of research 
Theoretical 
Framework 
Knowledge-to-action 
(KTA) 
Background 
Hospital is currently using the Braden * RAS to assess pressure 
injury risk 
Problems with RAS identified in the literature: 
x Highly validated, but not predictive 
x Not empirically derived 
x * NPUAP recommend use of RAS like Braden scale, but 
recommend institute preventive interventions according to 
own assessments of mobility, moisture, nutrition, friction and 
shear – Preventive interventions not linked to Braden scale 
risk levels 
KTA Gap 1 
Predictive measure 
of Braden mobility 
subscale needs 
review 
Overall Aim 
Explore potential for using the Braden mobility subscale alone 
as an alternative to the Braden scale as a pressure injury risk 
assessment tool 
Research Study 1 
Using Systematic Review methodology, establish the 
evidence on: 
x Predictive measure of Braden mobility subscale alone on 
pressure injury and preventive interventions 
x Predictive measure of Braden scale on pressure injury and 
preventive interventions within same study and compare 
with Braden mobility subscale 
KTA Gap 2 
Predictive measure 
of Braden mobility 
subscale needs 
comparison with 
Braden scale 
Research Study 2 (guided by the systematic review 
findings) 
Using case-control methodology of retrospective chart review,  
x Compare the predictive measure of the Braden mobility 
subscale and the Braden scale on pressure injury  
x Examine the relationship of Braden mobility subscale and 
Braden scale on preventive interventions in patients 
presenting with pressure injury 
x Examine the alignment between the risk assessment 
(Braden scale and Braden mobility subscale), the 
associated preventive interventions arising from the 
assessment, and impact on pressure injury 
Aim 1 
Ascertain the likelihood of pressure injury when exposed to Braden 
scale / Braden mobility subscale 
Secondary analysis: Examine whether other subscales or risk factors 
contribute to pressure injury development 
Aim 2 
Ascertain the likelihood of preventive interventions when exposed to 
Braden scale / Braden mobility subscale in those with pressure injury 
Aim 3 
Explore alignment between Braden scale and Braden mobility subscale, 
preventive intervention and impact on pressure injury 
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3.4 Research aims 
 
The overall aims of the research were to:  
x Ascertain whether the likelihood of exposure to the Braden mobility subscale 
in predicting pressure injury is comparable to the Braden scale  
x Ascertain whether the likelihood of exposure to the Braden mobility subscale 
in initiating preventive interventions is comparable to the Braden scale 
x Ascertain the relationship between the likelihood of exposure to the Braden 
mobility subscale, preventive interventions, and pressure injury 
 
3.5 Research questions 
 
The overarching research questions to be addressed were: 
1. What is the likelihood of pressure injury when exposed to risk assessment 
using the Braden mobility subscale in comparison to the Braden scale? 
2. What is the likelihood of initiating preventive interventions following 
assessment using the Braden mobility subscale? 
3. What are the relationships between assessment (Braden scale and Braden 
mobility subscale), preventive interventions, and pressure injury?  
 
 
Given the nature of this two-stage research, different sub questions directed the 
investigations. 
 
The specific research questions to be addressed by the systematic review were: 
1. What is the likelihood of exposure to the Braden mobility subscale or 
equivalent subscale assessment alone on the incidence of hospital-acquired 
pressure injury or in comparison with the full Braden or equivalent risk 
assessment scale? 
2. What is the likelihood of exposure to the Braden mobility subscale or 
equivalent subscale assessment on endorsement or initiation of preventive 
interventions? 
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For the retrospective case-control study, the specific sub-questions to be addressed 
were: 
 
1. What is the likelihood pressure injury when assessment is conducted using 
the Braden mobility subscale compared to the Braden scale? 
2. Do other Braden subscale scores add to the predictive measure of pressure 
injury risk? 
3. Do other contributing factors add to the predictive measure of pressure injury 
risk? 
4. What is the likelihood of implementation of appropriate preventive 
interventions following exposure to the Braden mobility subscale compared 
to the Braden scale? 
5. What proportion of patients with and without pressure injury received the 
appropriate preventive interventions? 
6. What is the alignment between the Braden scale or Braden mobility subscale, 
preventive interventions, and pressure injury? 
 
3.6 Scope of research 
 
Both research phases focused on pressure injury acquired during the patients’ 
hospitalisation, i.e., hospital-acquired pressure injuries.  Therefore, the research was 
conducted in the acute care setting.  However, the decision was taken to exclude 
specialty areas, such as the Day Surgery wards, and the Emergency Room, as 
patients in these areas are transient, remaining in these areas for less than 24 hours.  
Thus, there would not be sufficient time for any hospital-acquired pressure injury to 
manifest itself.  The scope of the research also exclude cases where pressure injury is 
identified from the Operating Theatre as these are caused by special risks (e.g. “on 
table” time in fixed positions for instance) that need to be the target of a 
fundamentally different kind of clinical intervention and organisation strategy. 
Nonetheless, the role of these settings in creating pressure injury is acknowledged.  
To allow comparison to be made, only adult patients were included. 
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3.7 Research design 
 
 
Systematic review 
 
Despite many approaches for conducting a systematic review, the Campbell 
Collaboration, Cochrane Collaboration, and the Joanna Briggs Institute review are 
the most commonly used methodologies.  The Campbell Collaboration approach 
focuses on systematic reviews on effects of interventions in crime and justice, 
education, international development, and social welfare (Campbell Collaboration, 
2013; The Cochrane Collaboration, 2012).  The Cochrane systematic reviews are 
predominantly reviews of effectiveness of interventions using randomised trials (The 
Joanna Briggs Institute, 2011a).  Finally, the Joanna Briggs institute systematic 
reviews include studies that utilise other approaches (The Joanna Briggs Institute, 
2011a).  The study design to be included in this systematic review involved 
randomised trials as well as observational studies, such as cohort, case-control, and 
cross-sectional designs.  Thus, the Joanna Briggs Institute methodology for 
conducting the systematic review was chosen in this instance as the most appropriate. 
for addressing the questions guiding this study within the limited timelines of a PhD 
programme. 
 
As the full details of the review, including the methodology, are reported in Chapter 
4, only a brief overview is presented here.  The systematic review undertaken 
included studies published or unpublished in the periods between year 2000 to 2010 
involving adult inpatients that were exposed to Braden mobility subscale or 
equivalent mobility subscales, comparing those with and without hospital-acquired 
pressure injury.  Fourteen databases were searched using pressure ulcer and risk 
assessment, or its alternative terms, as keywords.  Subsequently, studies were 
selected if they contained information on adult inpatients, mobility, and/or preventive 
interventions, and/or Braden scale or equivalent scales.  The search strategy and the 
systematic review report were in accordance with reporting guidelines for systematic 
review (Lockwood, Sfetcu, & Oh, 2011; The Joanna Briggs Institute, 2011a).  The 
systematic review results informed the development of second phase of the research.  
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Details of the methods employed in the second phase of the research are included in 
this chapter. 
 
Case-Control retrospective chart review 
 
In order to determine the most appropriate design for this study, different approaches 
were explored, including randomised controlled trial, cohort, and case-control 
design.  These deliberations took place within the context of the clinical problem, 
which was to ascertain the effect of assessment using the Braden mobility subscale 
and Braden scale on pressure injury development and initiation of preventive 
interventions. 
 
A randomised controlled trial evaluating the effect of exposure to the Braden 
mobility subscale on pressure injury and comparing it with the Braden scale was 
considered.  However, given the lack of evidence to support the replacement of an 
assessment tool routinely used in clinical practice, with one that has not yet been 
tested or evaluated in practice, such a design was considered inappropriate.  
Furthermore, recommendations for instituting preventive interventions based on the 
Braden mobility subscale assessment lack clarity at this juncture.  Hence, further 
exploratory evidence on the effect of assessment using the Braden mobility subscale 
on pressure injury development and introduction of preventive interventions needed 
to be established first and concurrently compared with the Braden scale. 
 
A prospective cohort with comparable group study design was explored next.  Cohort 
study can be used to determine cause and effect when a randomised controlled trial is 
not possible or is unethical (Mann, 2003).  However, Mann (2003) cautioned that a 
cohort study is inefficient when the outcome is rare, since a large sample is required 
(Levin, 2003).  In Singaporean clinical setting, the pressure injury incidence for the 
2009 - 2010 period ranged from 0.07 to 0.46 with a mean of 0.26 per 1000 patient 
bed days.  Thus, the incidence was considered low.  Consultations with a statistician 
associated with this research concluded that a large sample, in the region of 10,000 to 
20,000 participants, would be required to demonstrate sufficient power within this 
design.  Furthermore, to achieve this number, it was estimated that a period of at 
least two years for data collection and follow-up would be required.  Using a 
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retrospective cohort study would require similar large samples in view of the low 
incidence of pressure injury.  
 
Since the pressure injury incidence rate in the acute care hospital that served as the 
study setting is very low, in such instances, when the outcome is rare, a case-control 
design is the most feasible approach (Mann, 2003).  A case-control study can be used 
to establish association between the risk factors and disease or event (Levin, 2006).  
Such a design is more efficient than a cohort study since it does not require such 
large sample sizes (Schulz & Grimes, 2002).  However, one of its limitations is that 
it can typically only evaluate one outcome variable (Mann, 2003).  As two outcome 
variables were investigated in this study—pressure injury and preventive 
interventions—the case-control study was designed to match for the outcome 
variable of pressure injury.  Following consultation with the statistician, it was 
decided that evaluation for the outcome on preventive interventions be analysed 
using the data from the records of patients with pressure injury only.  Thus, this 
would constitute a cross-sectional study design for this population.  In addition, after 
consultation with the principal research supervisor, alignment instead of association 
between risk assessments (Braden scale and Braden mobility subscale) and 
preventive interventions was to be analysed separately in the groups with and 
without pressure injury. 
 
In view of the arguments presented, a quantitative retrospective case-control research 
design was justified and considered the most appropriate and feasible design for 
comparing the effect of assessment using the Braden mobility subscale and full 
Braden scale at the study site.  Furthermore, information on patients with pressure 
injury was readily available as pressure injury events are reported by nurses using the 
hospital’s electronic occurrence reporting system and cases for this study were 
identified from this reporting system.  In order to avoid recall bias (Mann, 2012), 
retrospectively recorded information from the patient’s medical records were used.  
However, this did impose a limitation in that only the captured data can be used, and 
that these cannot be verified.  Furthermore, missing data cannot be rectified.   
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To evaluate the effect of Braden scale and Braden mobility subscale on preventive 
interventions, secondary analysis of data from the group of patients with pressure 
injury only was undertaken using a cross-sectional design.  The details of the 
methods employed are presented next.  
 
 
3.8 Method for case-control study 
 
The setting in which this study was conducted was a 991-bed acute care tertiary 
hospital inpatient area in Singapore.  This hospital is one of the major hospitals in 
Singapore.  In view of its close proximity to the country’s leading university, the 
hospital also functions as a teaching hospital for medical, nursing, and allied health 
students, interns, and residents.  As any other general hospital in Singapore, this is a 
busy acute care general hospital with a typical occupancy rate of about 80% to 90%, 
exceeding 95% at times.  Patients may be admitted to the hospital wards via a variety 
of routes, including the Emergency department, the hospital’s outpatient clinic, or 
directly from community General Practitioner clinics.  All patients who are newly 
admitted to the wards undergo a comprehensive routine nursing admission assessment 
that includes the pressure injury assessment using the Braden scale, which is 
documented in the Nursing Admission Assessment Form (National University 
Hospital, 2007).  Although subsequent physiological assessments are performed during 
every shift, this generally does not include pressure injury risk evaluation.  The 
exception to this practice is made when ordering a pressure-relieving mattress, as the 
documentation of the Braden score is a mandatory requirement for the ordering of the 
mattress.  
 
As the design of the study was a retrospective, medical records of adult patients who 
were admitted to the inpatient wards within the period from June 1st, 2009 to July 31st, 
2011 were considered.  Two distinct groups, which are referred to as “cases” and 
“controls”, were formed.  The “cases” group comprised adult patients who had 
acquired a Stage I or greater pressure injury during their hospitalisation.  The potential 
“cases” were identified from the electronic hospital occurrence report of hospital-
acquired pressure injury events.  The remaining records formed the pool of potential 
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“controls” and consisted of adult patients who did not have any recorded pressure 
injury.  Following discussions with personnel from the department of Management 
Information System about the data that were retrievable from the system for possible 
matching, patient age, gender, surgery, length of stay, and ICU/HD were used as 
matching criteria.   
It was not possible to determine the sample size from historical data from within the 
country as no prior studies conducted in Singapore were identified that evaluated the 
effect of exposure to mobility on incidence of pressure injury.  Thus, the effect size 
was derived from one study that was included in the systematic review, that had a 
similar population in terms of ethnicity as Singapore, and which reported the mean and 
standard deviation (Chan, Pang, & Kwong, 2009).  Thus, the study by Chan et al. 
(2009) was chosen because it was conducted in Hong Kong with a Chinese population 
of 93.6% (Census and Statistics Department, 2012); Singapore’s Chinese ethnic 
distribution was found to be 74.1% in 2010 (Department of Statistics, 2012).  Thus, 
although there is a difference and that this is acknowledged, the effect size was 
computed based on the reported means by Chan et al. of the Braden Scale scores of 
2.61 (SD = 0.78) and 2.91 (SD = 0.48) for patients with and without incidence of 
pressure injury, respectively.  Assuming a study power of 80% and an alpha value of 
5%, the corresponding sample size was 70 cases per group.  After consultation with the 
statistician at the Deakin University, it was decided that this sample size was 
sufficient and would be feasible to generate within the doctoral study timeframe.  
However, following review by the PhD confirmation panel, additional factors were 
suggested to be included to the data collection tool.  As the intention was to perform 
multivariate regression analysis and  it is recommended that the minimum number of 
events per risk factor to be included in the regression model should be10 to 20 
(Harrell Jr, Lee, Matchar, & Reichert, 1985; Peduzzi, Concato, Kemper, Holford, & 
Feinstein, 1996), the sample size was increased to 200 from the original 140 to 
accommodate the additional predictors.   
 
The sampling for the cases was undertaken using the electronic hospital occurrence 
report (eHOR).  The eHOR is a reporting system used by nurses to document adverse 
or missed events pertaining to patients or staff.  As the eHOR is classified by the type 
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of event, it includes a classification of “Pressure Ulcer”.  This is where nurses report 
on patients who have a Stage I-IV “pressure ulcer”.  
 
The list of patients with a nosocomial pressure injury was generated from the eHOR 
system.  Sampling for the control group was obtained from the hospital’s clinical 
database, which was pooled from the Systems, Applications, and Products (SAP) 
system with the assistance of the senior executive from the Management Information 
System Department.  
 
Ethics approval was provided by two human ethics review boards—Deakin 
University Human Research Ethics Committee (DUHREC) and the National 
Healthcare Group (NHG), Domain Specific Review Board (DSRB).  The DUHREC 
(see Appendix C) in Australia and the DSRB (see Appendix C) in Singapore 
approved for the research to be conducted at the National University Hospital, 
Singapore. 
 
3.8.1 Instrument 
 
As there was no pre-existing data collection tool that would adequately meet the needs 
of the study, a data collection tool was developed.  Two major components of the 
instrument were risk factors of pressure injury and preventive interventions.  In the 
initial development of the instrument, items that constitute the risk factors and 
preventive interventions were derived from the studies that were included in the 
systematic review.  Subsequently, the instrument was contextualised, based on the 
personal clinical knowledge of data that would be available from the medical records 
and the hospital’s clinical system.  The initial data collection form comprised sections 
for capturing information on the patients’ demographics characteristics, admission 
assessments, preventive interventions, and pressure injury characteristics.  Information 
on patients’ characteristics obtained included age, gender, discipline, diagnosis, 
smoking, and length of stay.  Admission assessments included Braden subscale scores, 
incontinence status, use of diapers, presence of numbness, presence of dry skin, 
needing help in turning, nutrition score, surgery, weight, height, medications that may 
affect circulation, and laboratory blood results.  The section on preventive 
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interventions included angle of head of bed, use of pillows, heels off the bed or floated, 
use of heel pad, use of padding between bony prominences, use of diapers, skincare 
products, turning chart, frequency of turning, and type of mattress used.  Based on the 
feedback provided by the hospital wound care nurse specialist, use of a skincare 
product was added to the instrument.  Pressure injury information included the stage of 
the pressure injury and the location, whereby the pressure injury stage was graded as 
defined by the EPUAP/NPUAP classification (European Pressure Ulcer Advisory 
Panel and National Pressure Ulcer Advisory Panel, 2009).  Unfortunately, at the time 
of data collection, the hospital’s electronic hospital occurrence report system did not 
include the categories of “unstageable” and “suspected deep tissue injury”, as defined 
by the EPUAP/NPUAP (European Pressure Ulcer Advisory Panel and National 
Pressure Ulcer Advisory Panel, 2009).  
 
 
Validation processes 
 
Content validity of the instrument was ensured through several steps.  Firstly, the 
instrument was developed using only the variables identified from the studies included 
in the systematic review, which are reported in Chapter 4.  The hospital’s wound nurse 
specialist reviewed the content to identify if there were any factors that had been 
omitted; feedback was provided on the need to include the use of skincare products as 
a factor.  
 
The instrument was then piloted by conducting data collection of current patients’ 
medical records.  Additional factors were also recommended by the confirmation panel 
during the candidature review, including co-morbidities, medications, and the 
International Statistical Classification of Diseases ICD codes.  Other additional factors 
to include were blood pressure, smoking, presence of fever, source of admission, pre-
arrival setting, and duration of stay in the emergency department.  The instrument was 
re-tested using medical records of current inpatients, following which the descriptors 
were realigned to fit with local terminology.  For example, the term High Care Unit 
was changed to High Dependency Unit.  Similarly, as in this acute care hospital the 
outpatient clinic is one of the sources of admission, this was added to the available 
options.  Certain laboratory tests not available in this acute care hospital (for example, 
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test for lymphocytes) were removed from the instrument, which was also formatted to 
ease data collection process.  For example, items that were obtainable from the medical 
records appeared first in the instrument.  The items were further classified (e.g., 
demographics, admission assessment) where possible and organised according to the 
sequence in which they would appear in the medical records.  The final draft of the 
instrument was reviewed by two wound nurse specialists, who indicated that no further 
information be added to the instrument.  The instrument used in this study is provided 
in Appendix D. 
 
3.8.2 Data analysis 
 
Data were analysed using SPSS version 19.0 using a plan developed in conjunction 
with a statistician.   Univariate analysis was performed to describe the characteristics 
of the cases (with pressure injury) and controls (without pressure injury).  The 
dependent outcomes analysed in this research were pressure injury and preventive 
interventions.  Bivariate analyses were performed using t-test for parametric data, and 
Pearson’s and Yate’s continuity correction chi-square test for non-parametric data to 
check for significant association between the variables (Pallant, 2011).  Statistical 
significance was set at ≤ 0.05 (Corty, 2007; Dallal, 2012; Riffenburgh, 1999).  
Diagnostic  tests using sensitivity, specificity, accuracy, and receiver operating 
characteristic curve was used to ascertain the optimal Braden scale and Braden 
mobility subscale cut-off scores (Warner, 2004).  The odds ratio was computed to 
compare the strength of association of independent variables with respect to pressure 
injury incidence.  According to Glas (2003), the use of sensitivity and specificity can 
be disadvantageous when comparing the performance of competing tests (assessment 
tool), as it is difficult to read and cannot be easily ranked.  None of the diagnostic 
tests in isolation is able to determine the performance of a test (assessment or 
screening tool), which is based on interpretation of the combination of the individual 
diagnostic results simultaneously.  Unfortunately, the sensitivity and specificity 
cannot be aggregated to one measure of performance to facilitate comparison.  Other 
reasons are that the results are dependent on the prevalence of the disease and, if rare, 
such as the case with pressure injury, the predictive values may not be usable.  The 
accuracy is a single measure of the correctly classified (true values) of diagnostic 
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tests generated by adding the true positive and true negative values and dividing it by 
the total sample ((true positive + true negative)/(true positive + true negative + false 
positive + false negative) (Glas et al., 2003).  However, it can only inform on the 
proportion that is correctly classified and may not be clinically useful.   
 
Logistic regression 
 
According to Levin (2006), in a case-control design, the odds ratio is used to measure 
the effect of the exposure on the disease.  In this research, the odds ratio is generated 
using regression tests which assess the impact of a set of predictors on the dependent 
variable (Pallant, 2011).  Given that the dependent variable (for example, presence or 
absence of pressure) is dichotomous, logistic regression was used in the present study.  
Furthermore, the Omnibus test of model coefficient is reported to check for goodness-
of-fit of the model (Pallant, 2011), whereby an omnibus value of p < 0.05 signifies 
goodness-of-fit of the model.  Where there is more than one factor analysed, 
multivariate logistic regression is utilised, with the factors entered as covariates 
concurrently.  For this analysis, the odds ratio is reported along with Beta, Standard 
Error (S.E.), Wald test, degree of freedom (df), significance, and the 95% confidence 
interval (CI).  Beta indicates the direction of the relationship between the independent 
variable and the dependent variable and its positive value denotes that, as the exposure 
increases, so does the outcome of pressure injury.  Multicollinearity was explored to 
establish whether predictor variables are correlated with each other (Pallant, 2011).  Its 
presence in a logistic regression modelling may cause problems and may over-estimate 
the effect of the exposure (Bewick, Cheek, & Ball, 2005).  A standard error exceeding 
2.0 indicates the presence of multicollinearity (University of Texas, 2012), indicating 
the need to consider retaining only one of the correlated variables.  The Wald test 
provides an estimate of the importance of the contribution of each variable in the 
model, with the higher value indicating greater importance.  The Hosmer-Lemeshow 
goodness-of-fit test is also reported to ascertain if the model is supported statistically.  
A significance value exceeding 0.05 (p > 0.05) demonstrates support for the model 
(Pallant, 2011).  This test is the most reliable test of model fit.  The Cox and Snell, and 
the Nagelkerke R2 demonstrate the usefulness of the model in predicting the dependent 
variable (Bewick et al., 2005).  It explains the amount of variation in the dependent 
variable and can be reported as a percentage (Pallant, 2011).  The Nagelkerke R2 is the 
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most suitable measure of effect size for logistic regression (Bewick et al., 2005; 
Gómez-Benito, Hidalgo, & Padilla, 2009).  An R square of 0 to 0.1 denotes poor 
effect, 0.1 to 0.3 denotes modest effect, 0.3 to 0.5 denotes moderate effect, and 0.5 or 
more denotes strong effect (Muijs, 2011).  Finally, backward logistic regression was 
undertaken to select important factors that fit into a model (Harrell Jr et al., 1985).  
 
Inter-rater reliability 
 
As three data collectors were involved in the study, inter-rater reliability was 
performed on 10 cases (no controls) to check the extent of agreement between their 
procedures (Pallant, 2011).  For this research, the purpose for performing the inter-
rater reliability was to identify discrepancies that, if identified, needed to be clarified 
and corrected to ensure that integrity of the current and subsequent data is maintained.  
Inter-rater reliability was performed using Cohen’s Kappa measure of agreement for 
nominal and ordinal data (Berry & Mielke, 1988; Haley & Osberg, 1989), and Intra 
Class Correlation for continuous data (Haley & Osberg, 1989).  Of the 10 cases, an 
initial two medical records were completed and responses provided by the three data 
collectors were discussed to check for discrepancies.  The agreement of 80% to 90% 
was established for these two cases.  For variables that had dissimilar responses, the 
source and location of the information was discussed as well as interpretation of the 
information.  Consequently, to ensure consistency and ease of data collection, a list 
was formulated, detailing the question number according to the data collection form, 
the electronic source(s) or section of the hardcopy medical records from which to 
obtain the information.  Moreover, the discussion uncovered responses that were not 
explicit and required the data collectors to interpret the information in the medical 
records.  The unclear data were clarified through further discussion and verified with 
published sources.  Subsequently, an information databank of definitions of the 
unclear variables was created to serve as a reference.  These included agreed 
definitions for heart failure, cardiovascular disease, stages of pressure injury, nitorol, 
classification for vasopressors, and skeletal muscle relaxants.  Data on the inter-rater 
reliability of the remaining variables are reported in Chapter 6. 
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3.8.3 Procedure for identifying cases and controls 
 
Cases 
 
The “cases” group consisted of patients aged 18 years or older were admitted to the 
hospital, and had acquired pressure injury during hospital stay.  Based on the 
previously established sample size, 100 records were obtained.  Medical records of 
patients who had a pressure injury on admission or presented with other skin damage, 
such as excoriation, whose pressure injury developed in the Operating Room or 
Emergency department, or were under the age of 18 were excluded.  The cases were 
identified from the electronic Hospital Occurrence Report starting from July 2011 and 
working backwards until 100 eligible records were obtained.  The month of July 2011 
was chosen as the cut-off date because, shortly after this date, the hospital revised and 
piloted the Nursing Admission Assessment Form that differs from the earlier version 
of the Nursing Admission Form.  This was significant, as the format for documenting 
the Braden assessment was changed to record the score only, omitting the individual 
Braden subscales.  Therefore, inclusion of medical records dating from August 2011 
onwards would have adversely affected data collection.   
 
Entries made in the electronic hospital records were scrutinised and entries that met the 
eligibility criteria were included in the “cases” group.  As the 100th eligible medical 
record pressure injury event was entered into the electronic hospital occurrence record 
on June 2009, the period covered by the study spans two years, from June 2009 to July 
2011.  
 
Control 
 
As stated earlier, a case-control design is a desirable design for examining rare events 
such as pressure injury.  Unfortunately, when using this approach, risk of bias may 
lead to inaccurate results and choosing the wrong control can lead to making wrong 
conclusions (Grimes & Schulz, 2005).  Fortunately, the validity of a case-control study 
relies on the appropriate selection of the control variable (Grimes & Schulz, 2005).  
The control variable needs to be similar to the cases and representative of the 
population of interest (Grimes & Schulz, 2005).  In a case-control study, variables that 
are deemed to be confounders and affect the causal association that are being 
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investigated are matched to the case (Levin, 2006).  According to Levin (2006), 
multiple controls imposed on the case provide greater power, especially when the 
number of cases is small.  Age and gender are variables that are commonly matched to 
the control (Levin, 2006), whereas the factors under investigation should not be 
controlled for.  In this study, the primary factor of interest was the Braden mobility 
subscale and all other factors were considered possible predictors of pressure injury.  
However, Levin (2006) recommended that factors that have a causal association with 
the outcome variable and may confound the results must be identified at the start of the 
study and matched between the controls and the cases.  Having had surgery, extended 
length of stay, and having been admitted to the intensive care unit (ICU) or high 
dependency unit (HD) are considered possible confounders, as they have a greater 
effect on the development of pressure injury.  Thus, not controlling for these variables 
would confound the results, which may lead to inaccurate findings.  Therefore, in this 
case-control study, the criteria used to match the controls with the cases were gender, 
age, surgery, length of stay, and ICU/HD.  
 
Subsequent to the ethics approvals by the Deakin University Human Research Ethics 
Committee and the National Healthcare Group Domain Specific Review Board, 
application was submitted to the hospital’s National University Health System 
Research Office for permission to access the hospital systems that contained databases 
of patients’ clinical information and the approval was granted.  
 
 
3.9 Summary of methods  
 
The theoretical framework underpinning the present research was Graham’s 
Knowledge-to-action cycle, since this provided the direction for the research in 
contextualising its focus on the clinical setting.  Possible clinical gaps were discussed 
and prioritised.  The issue related to the risk assessment scale was chosen as the key 
aim of the study, as it was considered to be of high impact and high prevalence 
within the clinical setting and needed addressing.  
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Two sequential research methods utilised in the study were outlined in this chapter, 
namely systematic review and case-control retrospective chart review.  The choice of 
this design as a method for answering the research questions has been presented and 
justified.  The approach used in this study has been described, including the steps 
taken to ensure comprehensiveness and fidelity of the data collected, which included 
piloting the data collection tool, performing the inter-rater reliability, and checking 
and re-checking the data again.  This chapter has described the method for 
conducting the study.  The next chapter reports the results of the systematic review, 
exploring two primary research questions on whether the Braden mobility subscale is 
comparable to the Braden scale in predicting pressure injury and effect initiation of 
preventive interventions. 
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Chapter 4   
Systematic Review 
 
 
Assessment activities for pressure injury risk are undertaken widely in acute care 
settings, although recent studies have suggested that the use of a risk assessment 
scale has no direct effect on the incidence of pressure injury and does not offer 
improvement in patient outcomes when compared to clinical judgment (Pancorbo-
Hidalgo et al., 2006; Saleh et al., 2009).  However, clinical judgment lacks structure 
and risk assessment tools to asses for risk of pressure injury, as a guide to initiate 
preventive interventions is still warranted (Pancorbo-Hidalgo et al., 2006). Findings 
from two   studies (Cox, 2010; Lindgren et al., 2004) were suggestive of mobility as 
a predictor of pressure injury; therefore, it follows that the mobility subscale, which 
is a component of most of the risk assessment scales, may suffice as a simpler 
alternative to the full risk assessment scale.  However, if mobility is the primary 
factor in an assessment tool in the clinical setting, its ability to determine the 
associated preventive interventions must be determined as well.  Preliminary review 
of the literature has revealed only one study (Magnan & Maklebust, 2009) in which 
nurses were tasked with endorsing preventive interventions linked to the Braden 
mobility subscale of the Braden pressure injury risk assessment scale, which will 
henceforth be referred to as the Braden Scale.  
 
This chapter presents the systematic review, undertaken using the Joanna Briggs 
Institute methodology to investigate the use of the mobility subscale for risk 
assessment of pressure injury incidence and preventive interventions (Mordiffi, Kent, 
Phillips, & Tho, 2011) (see Appendix E).  The methods, results, discussion, 
limitations, conclusions, implications for practice and for research are all reported 
here.  These are presented in accordance with the PRISMA reporting framework for 
systematic reviews and meta-analyses of studies that evaluate healthcare 
interventions (Moher, Liberati, Tetzlaff, & Altman, 2009) 
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4.1 Review objective 
 
The objective of this systematic review was to ascertain whether using the Braden 
mobility subscale assessment, or an equivalent, had any effect on the incidence of 
pressure injury or initiation of preventive interventions.  Comparison was made with 
the full Braden risk assessment scale or equivalents where available, when this was 
reported within the included studies.  
 
The specific review questions were: 
  
1. What is the effect of using (exposure to) Braden mobility or equivalent 
subscale assessment alone on the incidence of hospital-acquired pressure 
injury or in comparison with the full Braden or equivalent risk assessment 
scale? 
2. What preventive pressure injury interventions are endorsed or instituted based 
on the Braden mobility assessment or equivalent subscale alone, or in 
comparison with the full Braden scale or equivalent risk assessment scales? 
The overview of the review objectives is summarised in Figure 4.1.  
 
 
 
 
 
 
Figure 4.1 Overview of review objectives 
 
 
A protocol (Mordiffi, Tho, Kent, & Phillips, 2010) for this review was developed, 
peer-reviewed, approved and published by the Joanna Briggs Institute (JBI) and this 
guided the systematic review.  The completed review has been published in the JBI 
library (Mordiffi, Kent, Phillips, & Tho, 2011). 
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4.2 Inclusion criteria 
 
Studies were included if they involved participants who were adult patients, 18 years 
and older, were being cared for in an acute care setting, and were at risk of 
developing pressure injury, as indicated by the Braden risk assessment scale scores 
corresponding to “at risk”, “moderate risk”, “high risk”, or “very high risk” (Ayello 
& Braden, 2002; Braden & Bergstrom, 1989).  In addition, only studies that 
contained information on participants’ mobility status assessed using the Braden 
mobility subscale and described as “completely immobile”, “very limited”, “slightly 
limited”, and “no limitation” were included (Ayello & Braden, 2002).  The scope of 
the review was subsequently extended to include studies involving other equivalent 
risk assessment scales and mobility assessments, as explained later in this chapter.  
Studies were excluded if they involved only children, were conducted in the 
emergency department, or in the operating room. 
 
The intervention considered for the review was exposure to the Braden mobility 
subscale and the comparator for the review was the use of the full Braden risk 
assessment scale, where available, but only when it was included within the same 
study.  There were two primary outcome measures for this review:  
 
x Incidence of hospital-acquired pressure injury 
x Endorsement or initiation of preventive interventions  
 
The review initially focused on studies designed as randomised controlled trials; 
however, other research designs, such as non-randomised controlled trials, before 
and after studies, and descriptive studies were also considered for inclusion.  
 
 
4.3 Search strategy 
 
The search strategy was based on a three-step approach, in order to identify relevant 
studies, both published and unpublished, in English language only.  An initial limited 
search of MEDLINE and CINAHL was undertaken, followed by analysis of the text 
words contained in the title and abstract, and of the index terms used to describe the 
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article.  A second search using identified keywords and index terms was originally to 
be undertaken across fifteen healthcare-related databases for published papers and 
unpublished papers.  These were:  
 
x CINAHL 
x MEDLINE 
x Academic Search Complete 
x Health Source: Nursing/ Academic Edition 
x Global Health 
x Current Contents 
x EMBASE 
x Science Citation Index Expanded (SCI-EXPANDED) 
x Cochrane Central Register of Controlled Trials (CENTRAL) 
x Digital Dissertations 
x Science Direct 
x Springer Journals Online 
 
However, following advice from the University liaison librarian, Springer Journals 
Online was excluded, as it was a publisher site, rather than a database.  The search of 
GoogleTM and Google scholarTM was carried out using SCIRUS.  The features in 
SCIRUS allow for multi-field focused search and setting of limits of type of articles.  
In addition, SCIRUS enable whole page export of bibliographic references into 
endnote with ease.  This is in contrast to Google, which allows export of only one 
article into EndNote® at a time and does not permit any control of the flow of articles 
yielded. 
 
 
A search was also conducted for unpublished studies using the following: 
 
x Conference Proceedings Citation Index (CPCI-S) 
x Science Direct (Include articles in press) 
x Scopus 
x Google Scholar (Scirus) 
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In the initial search, only the most relevant search terms were used, which included 
pressure injury, risk assessment, prevention, mobility, and its alternative terms.  
However, one of the key reference (Magnan & Maklebust, 2009) identified during 
the background literature search did not emerge in the search results.  Thus, to 
establish some measure of sensitivity for the search strategy used, the search results 
were cross-referenced with articles already identified as matching the inclusion 
criteria.  Other strategies used to increase the sensitivity of the search included the 
use of subject heading and “AND NOT” function, and testing of each database for 
suitable terms and wildcard.  The terms “adult”, “inpatient(s)”, “nursing”, and 
“mobility” were omitted from the database search, as the testing established that 
potential relevant papers were excluded from the results.  The title, abstract, and full 
text of the articles were manually searched for the terms “adult”, “inpatient”, 
“prevention”, and “mobility”. 
 
For the main search, the search terms used were “pressure ulcer(s)”, “pressure 
sore(s)”, “decubitus ulcer(s)”, and/or “bedsore(s)” using subject headings or indexes 
when these features were available in the databases.  Where subject headings or 
indexes were not available, all equivalent terms for pressure ulcer (injury) were 
entered into the search.  The next level search terms for text and abstract included 
“risk assessment”, “risk AND assessment”, and “Braden scale”.  Boolean search 
features were used to combine the two levels of search terms, where available.  
Wildcards and truncations were used when these features were available.  If these 
features were not available, all alternate terms were entered into the search fields.  In 
view of recent advances in pressure injury management, only studies that had been 
undertaken during the last ten years (i.e., published in the period from 2000 to 2010) 
were included in the review.  The search strategy described above is presented in 
more detail in Appendix F.  Where systematic reviews on interventions for mobility 
were found, the primary studies undertaken within the period of the review were 
retrieved.  Further search for primary papers was traced from the reference list of the 
selected articles.  In addition to these, manual searches for articles in relevant 
journals were performed, and authors were contacted to elucidate any additional 
information.  Keyword searches of databases in the article abstracts and text were 
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undertaken.  Finally, Boolean search of the primary concepts was combined to 
generate a focussed list of articles. 
 
4.4 Assessment of methodological quality 
 
Papers selected for retrieval were assessed by two independent reviewers for 
methodological quality prior to inclusion in the review using standardised critical 
appraisal instruments from the Joanna Briggs Institute Meta Analysis of Statistics 
Assessment and Review Instrument (JBI-MAStARI) (Lockwood et al., 2011).  No 
disagreements arose between the reviewers.  Hence, involvement of a third reviewer 
was not necessary. 
 
4.5 Data collection and synthesis 
 
Data were extracted from papers using the standardised data extraction tool from 
JBI-MAStARI (Lockwood et al., 2011).  The information collected included 
author(s), publication year, populations, study methods, risk assessments, levels of 
severity or risk, interventions, incidence of pressure injury, stage(s) of pressure 
injury, preventive interventions instituted, frequency of assessments, and any other 
outcomes of significance to the review question and its specific  objectives. 
 
Information on mobility, assessed using mobility assessment scale, incidence of 
pressure injury, and preventive interventions for pressure injury were reported 
descriptively.  Statistical information, such as relative risk, relative hazard, odds 
ratio, and mean difference, was collated and pooled, where possible, to include in a 
meta-analysis.  The use of  odds ratio—rather than other diagnostic tests, such as 
sensitivity, specificity, positive predictive values, negative predictive values, 
accuracy and likelihood ratios—is preferred, as it facilitates meta-analysis (Glas et 
al., 2003).  The single value of the odds ratio determines the predictive performance 
of one test, in this case the risk assessment tool, over another (Glas et al., 2003). 
 
The meta-analysis was undertaken using the Cochrane Collaboration Review 
Manager (RevMan) software (Review Manager (RevMan), 2008).  Odds ratio, 
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relative risk, relative hazard (for categorical data), and weighted mean differences 
(for continuous data) and their 95% confidence intervals were calculated for analysis.  
Heterogeneity was assessed using the standard Chi-square test.  In those cases where 
this was not available or possible, a narrative synthesis of information was reported. 
 
The data pertaining to interventions and outcomes were extracted from the articles.  
These were dichotomised to allow formation of a 2×2 factorial table that, when 
entered into RevMan, generated the odds ratio (OR), and a forest plot.  For cohort 
studies with comparable groups that reported the means and standard deviations 
(SD), RevMan generated the forest plot of mean differences (MD).  Studies that 
reported the OR, relative hazard (RH), or MD were synthesised narratively.  
 
4.6 Review results 
 
Although the initial aim of the review was to compare the Braden mobility subscale 
assessment with the full Braden risk assessment scale, there was insufficient research 
evidence to facilitate this process.  Thus, the scope of the review was broadened to 
include assessment using other mobility scales in comparison to either the Braden 
risk assessment scale or similar full risk assessment scales.  
 
4.6.1 Description of studies 
 
The method for reporting within this systematic review is based on the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Moher et 
al., 2009) guidelines.  The search yielded 7682 articles from 14 databases (Figure 
4.2).  A second wave database search covering the period from October 1st to 
December 31st 2010 using CINAHL, Medline, and Academic Search Complete 
yielded 22 additional articles after duplicates were removed.  Citations and abstracts 
were exported into EndNote X3™.  Using the duplicate function in End-note, 4860 
citations remained after eliminating duplicates.  After citations were sorted by article 
title, and articles with duplicate title were deleted, 3691 articles remained.  For study 
selection, 3712 titles and abstracts were reviewed, and 3189 articles were excluded, 
mostly due to not meeting the review criteria.  Full text articles were retrieved for the 
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remaining 523 sources, after which additional nine duplicate articles were deleted 
and 496 articles were excluded due to being commentaries, letters, and conference 
proceedings with no full text available.  Some articles were excluded, as English 
version was not available, the authors reported on prevalence studies that included 
data of pressure injury on admission, there was no information on mobility, or data 
on mobility was not usable for this review.  The remaining eighteen articles were 
subjected to critical appraisal using MAStARI and were all included in the review, as 
they met the appraisal criteria of more than four “yes” scores. The table of included 
studies is presented in Appendix G. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.2  Flowchart of literature search 
 
 
7682 records, identified 
through database searching of 
14 databases 
22 additional records identified through 
database search of CINAHL, MEDLINE, 
and Academic Search Complete for 
October 1st to December 31st 2010 
period 
3992 duplicates removed 
3189 records excluded as 
studies were not relevant 
523 records, full text reviewed 
and assessed for eligibility 
x 9 duplicate records removed 
x 496 full text excluded: 
o Commentaries, letters, duplicates, 
English version not available, no 
article available in full text, long-term 
or residential care facilities, 
paediatrics, no information or usable 
data on mobility, no explicit data on 
hospital-acquired pressure ulcer or 
preventive interventions 
18 records, critically appraised 
for methodological quality 
18 records included in review  
No papers excluded after critical 
appraisal 
1 record included for narrative analysis 
on the effect of using mobility 
assessment on endorsement or initiation 
of preventive interventions 
17 records included for 
quantitative (meta-analysis) and 
narrative synthesis on the effect of 
exposure to mobility assessment 
on incidence of pressure ulcer 
3712 records, article titles and 
abstract screened 
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The included studies encompassed diverse geographical range, with six studies 
conducted in the US (Baumgarten et al., 2003; Baumgarten et al., 2006; Cox, 2010; 
Eachempati, Hydo, & Barie, 2001; Fife et al., 2001; Magnan & Maklebust, 2009), 
two studies in Brazil (Fernandes & Caliri, 2008; Serpa, Santos, Peres, Cavicchioli, & 
Hermida, 2010), two conducted in Australia (Boyle & Green, 2001; Webster, Gavin, 
Nicholas, Coleman, & Gardner, 2010) and Netherlands (Houwing et al., 2004; 
Schoonhoven et al., 2006), and one each from Sweden (Lindgren et al., 2004), Wales 
(Papanikolaou et al., 2003), China (Kwong et al., 2005), Hong Kong (Chan et al., 
2009), Turkey (Sayar et al., 2009), and Switzerland (Perneger et al., 2002). 
Participants in all the studies were adults, and only three studies involved elderly 
patients aged 60 (Baumgarten et al., 2003) and 65 (Baumgarten et al., 2006; 
Papanikolaou et al., 2003) years and older.  Two studies  were specific to participants 
with hip fractures (Baumgarten et al., 2003; Houwing et al., 2004), and seven studies 
involved patients being cared for in an intensive care unit (Boyle & Green, 2001; 
Cox, 2010; Eachempati et al., 2001; Fernandes & Caliri, 2008; Fife et al., 2001; 
Sayar et al., 2009; Serpa et al., 2010). 
 
4.6.2 Methodological quality 
 
As no randomised control trials were identified within this review, lower-level 
designs were included.  Fifteen of the studies (Baumgarten et al., 2006; Boyle & 
Green, 2001; Chan et al., 2009; Cox, 2010; Eachempati et al., 2001; Fernandes & 
Caliri, 2008; Fife et al., 2001; Houwing et al., 2004; Kwong et al., 2005; Lindgren et 
al., 2004; Perneger et al., 2002; Sayar et al., 2009; Schoonhoven et al., 2006; Serpa et 
al., 2010; Webster et al., 2010) included in this review were prospective cohort 
studies with comparable groups.  One study (Magnan & Maklebust, 2009) used a 
prospective descriptive correlational design and one study (Baumgarten et al., 2003) 
was based on a retrospective cohort design, with comparable groups.  Another study 
used a cross-sectional retrospective study design (Papanikolaou et al., 2003).  No 
case-control studies were identified.  
 
The inclusion of the studies in a review was determined based on the responses to 
nine appraisal questions that were identical for both comparable cohort and 
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descriptive studies.  All of the included studies fulfilled the criteria of more than four 
“yes” responses.  The prospective cohort studies with comparable groups were 
reported in eight sources (Baumgarten et al., 2006; Eachempati et al., 2001; 
Fernandes & Caliri, 2008; Houwing et al., 2004; Kwong et al., 2005; Perneger et al., 
2002; Sayar et al., 2009; Webster et al., 2010) that met six criteria, and seven studies 
(Boyle & Green, 2001; Chan et al., 2009; Cox, 2010; Fife et al., 2001; Lindgren et 
al., 2004; Schoonhoven et al., 2006; Serpa et al., 2010) met seven criteria on the JBI-
MAStARI critical appraisal tool.  The two retrospective cohort studies with 
comparable groups met six (Papanikolaou et al., 2003) and seven (Baumgarten et al., 
2003) criteria.  Criteria that were not met in most of the studies were whether bias 
had been minimised in the selection of cases and controls (criterion 3), outcomes of 
individuals who withdrew prior to study completion were described and analysed 
(criterion 7), and confounding factors were identified and strategies stated (criterion 
4).  Criterion 3 of the critical appraisal tool was not relevant, as the studies included 
in the review were cohort studies, rather than case-control studies.  There were no 
reported participants who withdrew from the studies.  As there was no “not 
applicable” option in the critical appraisal tool, Criterion 7 was scored as unclear.  
The study (Magnan & Maklebust, 2009) using a prospective descriptive correlational 
design scored seven “yes” responses, thus qualifying for inclusion. 
  
4.6.3 Methods used in the included studies and duration of follow-
up 
 
The methods used in the studies differed from one another.  In one study 
(Baumgarten et al., 2006), data was collected from eligible patients on the third day 
of hospitalisation.  This is based on the findings from previous studies indicating 
that, in the elderly population, pressure injury generally developed in the first two 
days of hospitalisation.  Six studies (Boyle & Green, 2001; Chan et al., 2009; 
Eachempati et al., 2001; Fernandes & Caliri, 2008; Houwing et al., 2004; Kwong et 
al., 2005) included daily skin assessment.  In two studies (Serpa et al., 2010; Webster 
et al., 2010), skin condition was reviewed every second day or until discharged and 
the participant in the study conducted by Serpa et al. (2010) were only patients that 
received three consecutive assessments.  Two studies (Kwong et al., 2005; Perneger 
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et al., 2002) included the period of review from admission up to 3 weeks, until 
pressure injury developed or the patient was discharged.  Perneger et al. (2002) 
collected data on day of admission and then twice a week for up to three weeks.  The 
researchers conducting one study (Fife et al., 2001) collected data on the day of 
patient admission and skin assessment was performed every four days until discharge 
from the intensive care unit (ICU).  Two studies (Lindgren et al., 2004; Schoonhoven 
et al., 2006) reviewed patients within the first 24 to 48 hours and subsequently once a 
week for up to 12 weeks, or until discharge.  In one study (Baumgarten et al., 2003), 
data was reviewed from admission to post-operative day 30, or until discharge.  Four 
studies (Boyle & Green, 2001; Cox, 2010; Fernandes & Caliri, 2008; Sayar et al., 
2009) used the data reviewed from the period of the patient's admission to discharge 
from ICU.  Researchers that conducted four studies (Chan et al., 2009; Houwing et 
al., 2004; Papanikolaou et al., 2003; Webster et al., 2010) reviewed patient data from 
the time of admission until discharge from the hospital.  Variability was also noted in 
that, in some studies, research nurses performed the skin assessment, whereas in 
others, the required data were collected by ward nurses.  The minimum period of 
follow-up was day three of hospitalisation with the maximum lasting until the patient 
was discharged.  There were indications that two to three weeks of follow-up were 
adequate. 
 
4.6.4 Types of mobility assessment  
 
In six studies (Chan et al., 2009; Cox, 2010; Fernandes & Caliri, 2008; Kwong et al., 
2005; Magnan & Maklebust, 2009; Perneger et al., 2002) the researchers evaluated 
the Braden mobility subscale.  Risk Assessment Pressure Sore (RAPS), a modified 
Norton scale, was employed in one study (Lindgren et al., 2004), whereas in another 
study the Prediction and Pressure Ulcer Risk Score (PrePURSE) was used 
(Schoonhoven et al., 2006).  The mobility subscale descriptor for Braden, 
PrePURSE, and RAPS is similar in that the smaller the score on this scale, the 
greater the severity of the mobility impairment.  Two studies (Papanikolaou et al., 
2003; Serpa et al., 2010) reported the use of the Waterlow mobility subscale.  Other 
mobility assessment tools used were the Dutch Consensus Meeting (Houwing et al., 
2004) and the Cornell Ulcer Risk Scale (Eachempati et al., 2001). 
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In six of the included studies, even though patient mobility was assessed, the tool 
was neither named nor described.  Baumgarten et al. (2003) used activities of daily 
living on a scale of 0 to 3, with a score of 3 depicting the highest mobility 
impairment.  As the name suggests, patient mobility was evaluated in terms of 
activities of daily living.  Four studies used a dichotomous assessment that included 
needing help to turn (Baumgarten et al., 2006; Webster et al., 2010), activity-
dependent (Sayar et al., 2009), and bed-bound (Fife et al., 2001). Only one study 
included patients who were immobile (Boyle & Green, 2001).  
 
4.6.5 Types of comparison risk assessment scale 
 
Only three literature sources reported data for both mobility subscale and the total 
risk assessment scale implemented as a part of the same study.  The risk assessment 
scales evaluated were Braden (Cox, 2010; Perneger et al., 2002), and Risk 
Assessment Pressure Sore (RAPS) (Lindgren et al., 2004).  
 
4.6.6 Review outcomes 
 
The current literature classifies pressure injury using five stages (NPUAP 
classification) or four, if the EPUAP classification is used (see Table 4.1).  This 
review established that the majority of the studies used a four-stage pressure injury 
description, similar to the EPUAP classification, as the studies were conducted prior 
to the change in the NPUAP classification.  In most studies, presence of pressure 
injury was defined as the presence or absence of pressure injury Stage I or worse.  In 
two studies (Fife et al., 2001; Schoonhoven et al., 2006), pressure injury was defined 
as the presence of Stage II or worse.  The authors of two studies (Baumgarten et al., 
2003; Serpa et al., 2010) did not specify the use of an established pressure injury 
scale, and instead reported solely presence or absence of pressure injury.  In one 
study (Serpa et al., 2010) records indicated that treatment was provided when a 
pressure injury was detected, thereby suggesting that the equivalent of a Stage II 
pressure injury was a trigger for instigating intervention measures. 
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Table 4.1 Pressure injury classification (European Pressure Ulcer Advisory Panel 
and National Pressure Ulcer Advisory Panel, 2009) 
Stage of Pressure 
Injury 
Description 
 
Stage I: 
Non-blanchable 
erythema 
 
Intact skin with non-blanchable redness of a localised area, 
usually over a bony prominence.  The area may be painful, firm, 
soft, warmer or cooler, as compared to adjacent tissue. 
Stage II: 
Partial thickness skin 
loss 
Partial thickness loss of dermis presenting as a shallow open 
ulcer with a “red pink” wound bed, without slough.  May also 
present as an intact or open/ruptured serum-filled or 
serosanguinous filled blister.  Presents as a shiny or “dry 
shallow” ulcer without slough or bruising. 
Stage III: 
Full thickness skin 
loss 
Full thickness tissue loss.  Subcutaneous fat may be visible, but 
bone, tendon, or muscles are not exposed.  Slough may be 
present, but does not obscure the depth of tissue loss.  May 
include undermining and tunnelling. 
Stage IV: 
Full thickness tissue 
loss 
Full thickness tissue loss with bone, tendon, or muscle exposed.  
Slough or eschar may be present.  Often includes undermining 
and tunnelling. 
Unstageable: 
Full thickness skin or 
tissue loss – depth 
unknown 
 
NPUAP only.  Full thickness tissue loss in which actual depth of 
the ulcer is completely obscured by slough (yellow, tan, gray, 
green, or brown), and/or eschar (tan, brown, or black) in the 
wound bed. 
 
 
4.6.6.1 Outcome 1: Incidence of pressure injury 
 
Comparison of mobility subscale assessment with Braden risk assessment scale or 
equivalent reported within the same study 
 
Of the seventeen studies that evaluated the effect of exposure to mobility assessment 
on the incidence of pressure injury, only three studies reported the effect of exposure 
to the full risk assessment scales within the same study.  The risk assessment scales 
used in these studies were Braden (Cox, 2010; Perneger et al., 2002), and RAPS 
(Lindgren et al., 2004).  The study design used in these studies was a prospective 
cohort and pressure injury Stage I or worse was the outcome measured.  All three 
studies used a prospective cohort study with comparable groups. 
 
In one study (Cox, 2010), 347 patients admitted to the ICU were assessed using the 
Braden scale and the findings were reported as the means of the mobility scores of 
patients with (M = 12.73, SD = 0.79) and without pressure injury (M = 14.63, SD = 
2.65).  The data from this study were extracted and the mean difference computed for 
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the full Braden scale assessment was -1.9 (95% CI [-2, -1.2]).  Similarly, the data for 
the Braden mobility subscale were extracted and the mean difference that was 
computed for the Braden mobility subscale assessment was -0.58.  Based on the 
confidence interval, both the full Braden risk assessment scale and the Braden 
mobility subscale assessment showed a significant difference between the means 
corresponding to patients with and without pressure injury.  The negative difference 
was a result of the usage of the Braden scale and subscales, whereby the smaller 
number depicts higher risk or greater impairment, respectively.  The greater number 
seen in the mean difference between the Braden mobility subscale assessment and 
full Braden scale assessment is caused by the difference in the scoring system, as the 
Braden mobility subscale scores ranged from 1 to 4, whereas the full Braden scale 
scores ranged from 6 to 23.  Thus, no accurate comparison can be made from this 
study. 
 
Another study (Perneger et al., 2002) involved 1190 patients from areas with 
moderate and high prevalence of pressure injury, such as internal medicine, 
abdominal surgery, orthopaedics, intensive care, and dermatology.  The unadjusted 
relative hazard using the full Braden assessment scale on day 5 of hospitalisation was 
1.8 (95% CI [1.4, 2.3]).  This finding was comparable to the Braden mobility 
subscale assessment with relative hazard of 2.0 (95% CI [1.8, 2.3]).  
 
Lindgren et al. (2004) studied 530 medical-surgical patients using the RAPS scale, 
which is a modified Norton assessment scale.  The mobility subscale remains the 
same in both the original Norton scale and its modified version.  The reported odds 
ratio for the total RAPS score was 0.93 (95% CI [0.88, 0.98] p = 0.005), whereas the 
odds ratio for the Norton mobility subscale assessment was 0.50 (95% CI [0.37, 
0.67] p < 0.001).  The findings showed greater effect on the pressure injury incidence 
when using the mobility subscale assessment, as compared to the full RAPS scale.  
The author also concluded that immobility is a risk factor of considerable 
importance.  
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Incidence of pressure injury: Exposure to mobility subscale assessment alone 
 
The syntheses are reported according to the effect of using (exposure to) mobility 
subscale assessment on the incidence of pressure injury (n = 18,722).  Of the 18 
studies included in this review, 17 reported information on this variable (see 
Appendix G).  These studies were categorised and synthesised into two groups 
according to the definition of the incidence of pressure injury: 
 
1. Stage I pressure injury or worse (Baumgarten et al., 2006; Boyle & Green, 2001; 
Chan et al., 2009; Cox, 2010; Fernandes & Caliri, 2008; Houwing et al., 2004; 
Kwong et al., 2005; Lindgren et al., 2004; Papanikolaou et al., 2003; Perneger et 
al., 2002; Sayar et al., 2009; Webster et al., 2010)  
2. Stage II pressure injury or worse (Baumgarten et al., 2003; Eachempati et al., 
2001; Fife et al., 2001; Schoonhoven et al., 2006; Serpa et al., 2010)  
 
 
Studies reporting Incidence of pressure injury as Stage I pressure injury or worse 
 
Eleven studies that defined pressure injury as Stage I or worse used prospective 
cohort design with comparable group.  It was possible to pool the data into two meta-
analyses.  Data extracted from five studies were entered into the meta-analysis to 
generate the odds ratio and data from three studies were extracted to generate the 
mean difference in the mobility scores of patients with and without pressure injury.  
Three studies that reported the odds ratio were entered into a narrative synthesis.  A 
single study used a retrospective cross-sectional design. 
 
Five studies (Baumgarten et al., 2006; Houwing et al., 2004; Kwong et al., 2005; 
Sayar et al., 2009; Webster et al., 2010) were included in the meta-analysis.  The 
aggregated data were entered into Revman version 5 (Review Manager (RevMan), 
2008).  Grouped data on the presence or absence of pressure injury on the patients 
assessed as having or not having mobility impairment were extracted and entered 
into the meta-analysis.  The fixed effect model was used to assess the differences in 
the point estimate between the studies.  This value gave an indication of 
inconsistency in the pooled results.  The significance level for heterogeneity was set 
at p = 0.1.  The test for heterogeneity was not significant (p = 0.54), with no 
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inconsistency between point estimates of the studies (I2 = 0%).  Maentel-Haenszel 
meta-analysis statistical method was used to generate the aggregated relative risk of 
the studies.  The data revealed that the overall odds ratio of 6.39 (95% CI [4.77, 
8.54]) (see Figure 4.3) was significant and favours the group with no impaired 
mobility, as assessed using a mobility scale.  Thus, the findings indicate that having 
impaired mobility causes harm, in the form of pressure injury development.  
 
     Note: Exposure refers to exposure to mobility impairment assessed using mobility assessment 
Figure 4.3 Forest plot of comparison: assessed as impaired mobility vs. no impaired 
mobility, outcome: Pressure injury Stage I or worse 
 
 
Three studies (Chan et al., 2009; Cox, 2010; Fernandes & Caliri, 2008) were 
included in the meta-analysis that compared the mean difference of Braden mobility 
subscale assessment scores for patients with and without pressure injury.  A fixed 
effect model was used to assess the differences in the point estimate (inconsistency) 
among the studies.  The test for heterogeneity was significant (p < 0.0001) with wide 
variability (I2 = 90%) among the studies.  Despite heterogeneity being found, the 
decision was made to combine the data in meta-analysis to generate a summary 
estimate of the available evidence.  Random effect model was not employed in the 
meta-analysis, as it would further aggravate the variability and under-estimate the 
effect of the study (Higgins, 2008). 
 
Study or Subgroup
Baumgarten 2006 (1)
Houwing 2004 (2)
Kwong 2005
Sayar 2005 (3)
Webster 2010 (4)
Total (95% CI)
Total events
Heterogeneity: Chi² = 3.12, df = 4 (P = 0.54); I² = 0%
Test for overall effect: Z = 12.50 (P < 0.00001)
Events
130
63
9
19
6
227
Total
792
119
223
127
39
1300
Events
71
1
0
1
6
79
Total
2439
2
206
13
235
2895
Weight
86.8%
2.8%
1.5%
4.6%
4.3%
100.0%
M-H, Fixed, 95% CI
6.55 [4.84, 8.86]
1.13 [0.07, 18.41]
18.29 [1.06, 316.29]
2.11 [0.26, 17.20]
6.94 [2.11, 22.79]
6.39 [4.77, 8.54]
Impaired mobility No Impaired mobility Odds Ratio
(1) Medical, 65 years old and older
(2) Hip fracture
(3) Medical Surgical ICU
(4) Medical
Odds Ratio
M-H, Fixed, 95% CI
0.01 0.1 1 10 100
Favours exposure Favours No exposure
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Inverse-variance meta-analysis method was used to calculate the mean difference 
between the mean mobility score of patients with and without pressure injury.  The 
test for significance was set at p = 0.10 (Dans, Dans, & Silvestre, 2008).  The 
difference in the mean mobility score of patients with and without pressure injury 
was -0.67 (95% CI [-0.84, -0.51]) (see Figure 4.4).  There was a significant 
difference in the mean mobility score between patients with and without pressure 
injury with a lower mobility score (greater impaired mobility) associated with a 
higher likelihood of developing pressure injury. 
 
     
Note: PU refers to pressure injury 
Figure 4.4 Forest plot of comparison: Braden mobility subscale score, outcome: 
Pressure injury vs. no pressure injury 
 
 
In three studies (Boyle & Green, 2001; Lindgren et al., 2004; Papanikolaou et al., 
2003; Perneger et al., 2002), the authors did not report the grouped data.  In one 
study (Lindgren et al., 2004), 530 medical-surgical patients in 21 medical wards in a 
University hospital in Sweden were assessed using the RAPS assessment tool.  
Surgical patients included in the study had been on the operating table for at least one 
hour.  The author reported odds ratio of 0.5 using the RAPS mobility subscale 
assessment, concluding that immobility is a major risk factor of pressure injury 
development among hospitalised patients. 
 
Two studies reported the relative hazard of mobility on pressure injury.  One study 
(Perneger et al., 2002) was conducted on 1190 patients from various ward settings.  
Another study (Boyle & Green, 2001) was conducted using 534 patients admitted to 
the ICU.  These patients were comatose, unresponsive, paralysed or sedated and had 
Study or Subgroup
Chan 2009
Cox 2010 (1)
Fernandes 2008 (2)
Total (95% CI)
Heterogeneity: Chi² = 20.52, df = 2 (P < 0.0001); I² = 90%
Test for overall effect: Z = 7.88 (P < 0.00001)
Mean
2.61
2.06
1.3
SD
0.78
0.79
0.7
Total
18
65
30
113
Mean
2.91
2.64
2.8
SD
0.48
0.8
0.7
Total
917
282
18
1217
Weight
21.5%
61.7%
16.8%
100.0%
IV, Fixed, 95% CI
-0.30 [-0.66, 0.06]
-0.58 [-0.79, -0.37]
-1.50 [-1.91, -1.09]
-0.67 [-0.84, -0.51]
Pressure ulcer No Pressure ulcer Mean Difference
(1) Medical surgical ICU
(2) ICU
Mean Difference
IV, Fixed, 95% CI
-4 -2 0 2 4
Favours PU Favours NPU
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received preventive interventions, implying that these patients would have significant 
mobility impairment.  Both studies reported significant findings with relative hazard 
of 1.4 (95% CI [1.1, 1.8]) (Perneger et al., 2002) and 4.2 (p = 0.001) (Boyle & 
Green, 2001).  The four-fold relative hazard observed in patients admitted to the 
ICU, when compared to the slightly significant findings of the patients in the general 
wards, appears to suggest that mobility is a significant factor of pressure injury 
development. 
 
There was one cross-sectional retrospective study included in the review that 
evaluated Stage I pressure injury as an outcome.  This study (Papanikolaou et al., 
2003) was conducted on 488 inpatients aged 65 years or older.  The study 
participants were inert, on traction, or were chair-bound.  Papanikolaou and 
colleagues reported odds ratio of 5.41 (95% CI [2.00, 14.63] p = 0.001) for pressure 
injury.  
 
Studies reporting Incidence of pressure injury as Stage II pressure injury or worse 
 
The review included four prospective cohort studies with comparable groups that 
defined presence of pressure injury as Stage II or worse.  Data were extracted from 
two studies (Fife et al., 2001; Schoonhoven et al., 2006) and were entered into the 
meta-analysis while the data pertaining to the remaining two studies (Eachempati et 
al., 2001; Serpa et al., 2010) that reported the odds ratio were entered into a narrative 
synthesis.  A single study used a retrospective study design. 
 
The study by Schoonhoven et al. (2006) utilised data on the effect of mobility on 
pressure injury grouped into a dichotomous variable; having limited/no impaired 
mobility and moderate/severe mobility.  The study by Fife et al. (2001) assessed 
mobility as bed-bound versus not bed-bound.  Bed-bound was defined as “cannot sit 
on the side of the bed or chair”, inferring that the patients in the non-bed-bound 
group may not necessarily be fully mobile.  Hence, the classification of mobility 
applied by Fife et al. (2001) was similar to that adopted by Schoonhoven et al. 
(2006).  The grouped data of pressure injury events were entered into Revman 
Version 5 (Review Manager (RevMan), 2008).  In the meta-analysis, the fixed effect 
model was used to assess the differences in the point estimate among the studies.  
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The significance level for heterogeneity was assessed at p = 0.1.  The test for 
heterogeneity was not significant (p = 0.96), implying that the consistency (I2 = 0%) 
of the point estimates between the studies were very good.  Maentel-Haenszel meta-
analysis statistical method was used to generate the aggregated odds ratio.  
Individually, findings reported by Schoonhoven et al. (2006) favour no exposure to 
being assessed as suffering moderate to severe mobility impairment.  Fife et al. 
(2001) found no difference in the effect of being assessed as having moderate to 
severe mobility impairment.  However, the overall odds ratio of 1.9 (95% CI [1.27, 
2.83]) (Figure 4.5) was significant and indicates that the group assessed as having 
limited or no impaired mobility was more likely to have favourable outcome. 
 
Note: Exposure refers to being assessed as moderate or severe mobility impairment.  No exposure 
refers to being assessed as having minor or no mobility impairment, when assessed for mobility. 
Comparison: Pressure injury Stage II or worse 
 
Figure 4.5 Forest plot: Likelihood of pressure injury when exposed to mobility 
impairment 
     
 
Two studies (Eachempati et al., 2001; Serpa et al., 2010) were included in the 
narrative synthesis that evaluated the likelihood of the effect of exposure to mobility 
assessment on the development of Stage II pressure injury or worse.  Serpa et al. 
(2010) reported odds ratio of 2.801 (95% CI [2.451, 3.205] p < 0.001) on the second 
assessment (day 4 of hospitalisation) using Waterlow’s mobility subscale score, 
which the author found to be the most important predictor of pressure injury 
development.  Eachempati et al. (2001) reported immobility assessed using mobility 
subscale as a significant risk factor for pressure injury development (OR = 1.05, 95% 
CI [-.00, -0.02] p = 0.006).  However, the data reported in this study seem to 
Study or Subgroup
Fife 2001 (1)
Schoonhoven 2006
Total (95% CI)
Total events
Heterogeneity: Chi² = 0.00, df = 1 (P = 0.96); I² = 0%
Test for overall effect: Z = 3.15 (P = 0.002)
Events
12
28
40
Total
81
282
363
Events
9
97
106
Total
105
1776
1881
Weight
21.8%
78.2%
100.0%
M-H, Fixed, 95% CI
1.86 [0.74, 4.65]
1.91 [1.23, 2.96]
1.90 [1.27, 2.83]
Moderate to severe No to minor Odds Ratio
(1) Neurologic ICU
Odds Ratio
M-H, Fixed, 95% CI
0.01 0.1 1 10 100
Favours exposure Favours no exposure
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contradict the author’s perception of significance of this assessment method, as the 
odds ratio is close to one, indicating no effect of the mobility assessment.   
 
The only retrospective study included in this review (Baumgarten et al., 2003) 
involved 9356 patients aged 60 years or older, all of whom had the fractured hip 
surgically repaired.  In this study, pressure injury was defined as the presence of 
broken skin or “decubitus”, equivalent to Stage II pressure injury.  Mobility was 
assessed on a scale of 0 to 3 and the grouped data were dichotomised into those 
assessed as not suffering any mobility impairment (score 0) and those assessed as 
having mobility impairment (score 1 to 3).  The odds ratio was 1.85 (95% CI [1.60, 
2.13]), indicating that patients assessed as having no mobility impairment were more 
likely not to suffer pressure injury. 
 
4.6.6.2 Outcome 2: Endorsement or initiation of preventive 
interventions 
 
None of the included studies reported on preventive interventions that were planned 
based on the full Braden scale.  Thus, no comparison could be made between the 
preventive interventions planned or initiated by the nurses using the Braden mobility 
subscale and the full Braden scale.  
 
The review identified only one study (Magnan & Maklebust, 2009) that evaluated 
exposure to assessment of mobility on endorsement or initiation of preventive 
interventions.  In this study, the preventive interventions used were based on the 
recommendations given in three best practice guidelines, namely NPUAP 1992, 
Agency for Health Care Policy and Research 1992, and Wound, Ostomy and 
Continence Nurses Society 2007.  Ten such interventions were identified, including 
repositioning, placing the bed at below 30 degrees angle, use of pillows or foam 
wedges, use of specialised supportive mattresses, keeping patent’s heels off the bed 
or “floated”, use of chair cushion, placing padding between bony prominences, 
consulting dietician, protecting skin from moisture, and protecting skin from friction 
and shear. 
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Magnan and Maklebust (2009) used a prospective-descriptive correlational study 
design to explore nurses’ endorsement of preventive interventions based on the 
patient’s mobility subscale score.  In this study, 377 episodes of assessments were 
collected from 102 patients from three acute care medical centres.  The study 
findings indicated that the likelihood (odds ratio) of nurses endorsing preventive 
interventions increases with increasing mobility impairment based on the Braden 
mobility subscale assessment  for 70% of interventions (see Table 4.2). 
 
Table 4.2 Likelihood (odds ratio) of nurses endorsing preventive interventions 
according to the assessed Braden mobility subscale score 
Preventive 
Interventions 
Braden Mobility Subscale 
Score 1 
OR [95% CI] 
Score 2 
OR [95% CI] 
Score 3 
OR [95% CI] 
Whole body turning 
schedule 
59.15 [5.71, 612.43] 46.82 [5.76, 380.84] 19.74 [2.49, 156.81 
Head of bed at 30 
degree angle 
140.03 [13.12, 494.83] 46.66 [5.03, 432.87] 10.72 [1.18, 97.61] 
Pillows to maintain 
position 
12.87 [1.72, 96.80] 11.64 [2.81, 48.29] 5.57 [1.56, 19.88] 
Pressure reducing 
support surface 
30.94 [10.41, 91.94] 13.43 [6.22, 28.96] 4.12 [1.78, 9.54] 
Heels of bed or 
floated 
70.19 [7.17, 686.67] 5.86 [2.01, 17.04] 4.18 [1.63, 10.76] 
Pressure reducing 
chair cushion 
10.22 [4.61, 22.65] 6.77 [3.19, 13.92] 6.,62 [2.94. 14.92] 
Padding between 
bony prominences 
17.88 [2.93, 109.24] 8.11 [2.04, 32.33] Not significant 
Note: 
OR = Odds ratio 
CI = Confidence Interval 
Score 1 = Completely immobile 
Score 2 = Very limited mobility 
Score 3 = Slightly limited mobility 
 
 
Nurses’ endorsement of preventive interventions based on the Braden mobility 
subscale assessment for pressure-reducing chair or cushion, protecting skin from 
moisture, or consulting the dietician were not found to be significant.  The usage of 
other Braden subscales resulted in only two to three preventive interventions that 
were significantly endorsed by nurses, although the subscale on friction and shear 
corresponded to five preventive interventions endorsed.  This study thus supports the 
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use of the Braden mobility subscale as an assessment tool for ascertaining pressure 
injury preventive interventions. 
 
 
4.7 Discussion 
 
This systematic review initially considered papers that reported the use of the Braden 
mobility subscale assessment as the primary assessment tool under review, and the 
Braden risk assessment scale as the comparison where the data were available.  
However, as the database searches failed to yield such studies, the review objectives 
were expanded to include other mobility assessment scales  
 
This review revealed a marked paucity of studies that compared exposure to the 
mobility subscale assessment and the full risk assessment scale on the incidence of 
pressure injury, when these were evaluated within the same study.  Although 
assessment of mobility has been demonstrated in two studies to be comparable or 
better than the full risk assessment scale in predicting the likelihood of incidence of 
pressure injury, it is premature at this stage to recommend using mobility assessment 
alone in place of the full risk assessment scale.  More research is needed to compare 
the effect of the Braden scale with the Braden mobility subscale or other mobility 
assessment tools, on the incidence of pressure injury.  
 
This review identified seventeen literature sources reporting on the effect of exposure 
to mobility assessment alone on the incidence of pressure injury.  Meta-analysis and 
narrative findings appear to indicate that being assessed as having impaired mobility 
is associated with increased incidence of pressure injury, regardless of whether 
pressure injury is defined as Stage I or II.  The findings of this review affirm that 
mobility impairment assessed using a mobility subscale is a significant risk factor in 
pressure injury development.  This appears to be the first systematic review to 
synthesise and compare these findings.  
 
This review found no evidence that would facilitate a comparison between the 
mobility subscale assessment and the full risk assessment scale on endorsement or 
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initiation of preventive interventions within the same study.  Nevertheless, one study 
(Magnan & Maklebust, 2009) evaluated the effect of Braden mobility subscale 
assessment on the endorsement of preventive interventions.  The study findings 
appear to indicate presence of some association between being assessed as having 
mobility impairment and the subsequent endorsement of preventive interventions.  
However, more high quality research is required to establish a clear relationship 
between mobility assessment and endorsement or initiation of preventive 
interventions. 
 
4.7.1 Strengths 
 
The strength of this review is reflected in its inclusiveness and comprehensiveness of 
the search strategy.  A wide range of databases was searched and this process was 
enhanced through a close consultation with the Librarian from the Deakin 
University.  Further consultation on the search terms was undertaken with the JBI 
Synthesis Science Unit (SSU).  The features of each database were studied, the 
search terms were tested, and the use of the ‘AND NOT’ function was particularly 
useful in checking for inclusiveness of the search yield and in eliminating the 
irrelevant terms or combination of terms. 
 
The protocol and the systematic review report were peer-reviewed by the JBI SSU 
members and were both accepted for publication by JBI. 
 
4.7.2 Limitations 
 
Not all studies reported individual data according to the level of severity of mobility 
and its effect on pressure injury.  Consequently, it was not possible to pool the data 
into a single meta-analysis to generate an overall effect.  Thus, in this review, both 
meta-analysis and narrative synthesis were presented, according to data that were 
available for review.  
 
It is possible that the database search failed to identify all studies that met the 
inclusion criteria.  For example, as this review considered studies published between 
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2000 and 2010, studies that are more recent were not included in the review.  This 
may be further compounded by changes made to terminology. The term “pressure 
injury” has only recently been adopted for use instead of “pressure ulcer”. 
 
4.8 Conclusion 
 
The Braden risk assessment scale is a validated tool for assessing pressure injury risk 
and tools of this nature are now widely recommended for use in the clinical setting.  
However, evidence from the literature suggests that the use of risk assessment scales 
has little impact on the incidence of pressure injury as compared to not using the risk 
assessment scale.  Accordingly, it was postulated that a simpler assessment tool 
should be developed for assessment of the presence of pressure injury risk, with the 
emphasis on mobility assessment.  The findings from this review suggest that 
patients who were identified as having impaired mobility, when assessed using the 
Braden mobility subscale or other similar mobility scales, were more likely to 
develop a pressure injury, when compared to those assessed as not having impaired 
mobility.  However, the review found little evidence to suggest that the effect of 
exposure to mobility assessment alone on the incidence of pressure injury is 
comparable to the usage of the Braden or other equivalent risk assessment scales.  
 
Assessment of pressure injury risk is required so that preventive measures can be 
instigated.  This review found only one study that supports using the Braden mobility 
subscale assessment for endorsement of preventive interventions.  In light of the 
limited evidence, it cannot be concluded that using the Braden mobility subscale 
assessment would result in adequate endorsement or initiation of preventive 
interventions. 
 
There was no evidence supporting the reliability of the Braden mobility subscale 
assessment or equivalent tools in predicting pressure injury risk.  Similarly, no 
indication of the appropriate frequency of using the Braden mobility subscale or 
equivalent tools in pressure injury assessment was found in the available literature. 
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4.9 Implications for practice recommendations 
The Joanna Briggs Institute levels of evidence (Lockwood et al., 2011; The Joanna 
Briggs Institute, 2011b) were assigned to each of the recommendations derived from 
the findings of this review as follows : 
There is no evidence to indicate that using mobility assessment alone to assess for 
pressure injury risk is unsafe and would miss out on vital patient information.  (Level 
3) 
 
There is little evidence to suggest that mobility assessment is comparable to the 
Braden scale or other scales on its effect on the incidence of pressure injury. (Level 
3) 
 
There is some evidence to suggest that using mobility assessment alone may lead to 
endorsement of preventive interventions.  (Level 3) 
 
There is no evidence to suggest that using mobility assessment may lead to initiation 
of preventive interventions.  (Level 3) 
 
There is no evidence to suggest that using mobility assessment is comparable to 
using Braden scale on endorsement or initiation of preventive interventions.  (Level 
3) 
 
4.10   Implications for research 
 
Further research is required to: 
x Ascertain whether the Braden mobility subscale assessment and the full 
Braden risk assessment scale are comparable in predicting the incidence of 
pressure injury 
 
x Ascertain whether the Braden mobility subscale and the full Braden risk 
assessment scale are comparable in eliciting the initiation of preventive 
interventions 
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x Validate the Braden mobility subscale assessment as a tool to identify 
pressure injury risk 
 
x Ascertain the frequency of using the Braden mobility subscale assessment, or 
equivalent tools, to assess pressure injury risk 
 
At this stage of the research, the systematic review yielded no useful 
recommendations for practice.  However, the gap in the extant knowledge was 
addressed, as evidence suggesting that mobility is a predictor of pressure injury and 
that it is not unsafe to use was found (see Figure 4.6).  The review also established 
that no studies had been conducted specifically to test the effect of exposure to 
mobility assessment on pressure injury.  This review thus provided the necessary 
preliminary evidence to justify continuing research into the use of mobility 
evaluation as an assessment tool to assess pressure injury.  However, further research 
is needed to determine if mobility assessment alone could replace validated risk 
assessment scales, such as the Braden scale.  Thus, the review informed the next 
stage of the research, which is presented in forthcoming chapters. 
 
 
 
 
Figure 4.6 Graphic representation of state of the evidence following the systematic 
review  
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Chapter 5   
Results: Braden Mobility Subscale as a Predictor 
of Pressure Injury 
 
 
The systematic review, presented in Chapter 4, concluded that being assessed as 
having mobility impairment appears to be a significant predictor of pressure injury.  
However, there was insufficient evidence to indicate that the assessment of mobility 
is comparable to the currently available full risk assessment scales, including the 
Braden scale, as a predictor of pressure injury.  
 
In these next two chapters, the results from the retrospective case-control research 
study will be reported.  In this study, the term “case” refers to a patient with reported 
hospital-acquired pressure injury and “control” refers to a patient without pressure 
injury.  Analysis of the likelihood of pressure injury was undertaken, to explore if the 
assessment of pressure injury risk undertaken using the Braden mobility subscale can 
be considered as comparable to the results obtained using the full Braden scale.  
 
 
5.1 Identifying cases and controls 
 
Cases (patients with pressure injury) 
 
In order to find medical records for 100 eligible cases, required to meet the previously 
noted sample size, 1102 pressure injury entries in the electronic hospital occurrence 
records and/or medical records of patients with possible pressure injury were screened 
(see Figure 5.1).  After the initial screening of the electronic Hospital Occurrence 
Report alone, 969 cases were excluded, mostly because the patients had pressure injury 
on admission and thus did not meet the eligibility criteria.  The remaining 133 medical 
records were reviewed in detail, resulting in further exclusion of 33 records.  The 
existence of pressure injury on admission was confirmed in 18 of these cases, in 4 
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entries the records revealed that the pressure injury was misclassified, and the 
remaining 11 medical records could not be retrieved.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: eHOR – electronic hospital occurrence report 
 
Figure 5.1 Flowchart capturing outcomes of the identification of records for inclusion 
into the case group 
 
 
The database of the 100 cases was scanned using an Optical Reader and the data was 
saved into an SPSS file.  In order to determine the controls required using the matching 
criteria, the pivot table command was executed using SPSS in the following sequence: 
gender (Male/Female); age (below 65 years/ 65 years and above); surgery (Yes/No); 
length of stay (1 to 21 days/ 22 days and above); and had been to ICU/HD (Yes/No).  
The case was split into 32 groups, each being formed using different combinations of 
the matching criteria. 
 
 
Controls (patients without pressure injury) 
 
The following data pertaining to patients admitted from May 1st, 2009 to July 31st, 
2011 were retrieved from the hospital’s clinical system: 
x patient name 
x ward number  
x age 
1102 reported pressure injury 
events identified and 
screened through 
retrospective review of eHOR 
system from June 2009 to 
July 2011 
969 records excluded 
932 had pressure injury upon admission 
26 paediatric patients 
9 outpatients 
1 pressure injury developed in Operating 
Theatre 
1 repeat eHOR 
 133 medical records 
retrieved/ accessed and 
33 records excluded 
18 had pressure injury upon admission 
9 records not available - sent for scanning 
into digital format 
2 records not available – with doctor 
2 pressure injury due to treatment 
1 pressure injury - caused by scratching 
1 unable to locate medical records 
100 records included in 
‘case’ group 
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x gender 
x date of admission  
x date of discharge 
x length of stay 
x discipline (Disease group) 
x whether patient had surgery  
x whether patient had been in the ICU/HD  
x ICD 9 code and its description 
 
The retrieval generated 110,130 records (see Figure 5.2).  Records of patients who 
were admitted prior to June 1st, 2009, were discharged after July 31st, 2011, were 
already included in the case group, were paediatric patients admitted to an adult ward 
or a paediatric ward, and whose hospitalisation was shorter than 1 day were deleted 
from the control group.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.2 Flowchart capturing outcomes of the identification of records for 
inclusion into the control group 
 100325 medical records sorted 
by gender, age, surgery, length 
of stay. and admission or stay in 
ICU/HD 
121 records excluded 
 61- hospital-acquired pressure injury; 
not reported (52 Stage I, 9 Stage II) 
 32 pressure injury on admission (22 
from home, 10 from nursing home 
facility) 
 18 records not available - sent for 
scanning into digital format 
 6 hospitalised < 24 hours 
 2 admitted to Emergency Diagnostic 
Treatment Unit 
 2 records not available – with doctor 
221 records identified using 
Research Randomizer for 
potential inclusion into control 
group 
100 records included in control 
group 
Database split into 32 
homogenous groups according 
to case group matching criteria 
Research Randomizer used to 
identify matched control 
110,130 records identified from 
SAP system of patients admitted 
from May 2009 to July 2011 
9805 records deleted 
 4696 length of stay = 0 (< 1 day) 
 3769 admit before June 1st, 2009 
 879 discharged after July 31st, 2011 
 338 admitted to Paediatric ward 
 100 from case group 
 23 admitted under paediatric patient 
admitted in adult ward 
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The database containing the remaining records was sorted manually in the following 
sequence: gender, age, surgery, length of stay, and admission to ICU/HD.  
Subsequently, 32 groups, similar to the cases, were identified and the records assigned 
to each distinct group enumerated, starting from number one.  As stated earlier, case-
control study design is prone to risk of selection bias (Levin, 2006), which can be 
minimised by utilising random sampling (Grimes & Schulz, 2005).  Research 
Randomizer© (Urbaniak & Plous, 2011) was used to generate a random number(s) and 
the record that matches the random number was selected as the matched control.  The 
information entered into the Randomizer (see Figure 5.3) for generating the random 
number(s) consisted of: 
x sets of numbers to generate =1 
x numbers per set = X (according to number of counts for each group generated 
from the pivot table of the cases) 
x number range = 1 to X (total number of records in the group) 
x each number in each set to remain unique = Yes 
x sort the numbers to be generated = No  
x view random numbers = place marker off  
 
 
                     Retrieved from: http://www.randomizer.org/form.htm 
 
                  Figure 5.3 Screenshot of the Randomizer webpage 
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Initial randomisation for 100 numbers was generated and double-checked.  The 
medical records were retrieved and checked for eligibility for inclusion.  Those that 
did not meet the eligibility criteria were excluded and replaced by new records, 
chosen in the same manner.  Once the process was complete, it resulted in additional 
121 records, randomly chosen using the randomizer© (Urbaniak & Plous, 2011).  
These were retrieved and reviewed, in order to achieve the 100 required controls.  
About 50% (n = 61) of the records retrieved were rejected because the data collectors 
found documentation of hospital-acquired pressure injury in the record, but the 
incident was not listed in the electronic hospital occurrence report system (see Figure 
5.2).  Further records were excluded due to presence of pressure injury on admission 
(n = 32), records not being retrievable (n = 20), patient being hospitalised for less 
than 24 hours (n = 6), and admitted to the Emergency diagnostic treatment unit (n = 
2). 
 
5.2 Data integrity 
 
Source of information 
 
Data were collected from various patient electronic clinical systems, including the 
electronic Hospital Occurrence Report, Systems Applications and Products in Data 
Processing (SAP) (an electronic patient information system containing admission and 
discharge information), computerised patient support system (CPSS), and electronic 
inpatient medication record (eIMR).  The data collection form required the following 
sources of information: digitalised scanned medical records, laboratory blood 
investigation results, hospital inpatient discharge summary, emergency admission 
notes, operating theatre records, medications administered, and hospital occurrence 
report.  
 
A database containing information of admitted patients was obtained from the 
Management Information System department, whose personnel downloaded the 
relevant information pertaining to patients admitted to the hospital, during the same 
period as the case group, onto a password-protected external storage device.  The 
database was subsequently uploaded onto the password-protected desktop computer 
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in the evidence-based nursing unit for sorting to prepare for finding a match to the 
case for the control participant's medical record. 
 
The vendor who provided the rented pressure-relieving mattress within the hospital 
supplied a database containing the relevant information pertaining to these patients.  
This database was used to verity information on the use of pressure-relieving 
mattress when the documentation in the medical record was unclear.  This database 
was saved in the computer in the evidence-based nursing unit, which was password 
protected. 
 
Each form contained a study code and patient information was entered and stored in 
computer file format in a database.  A database containing the study code and 
patient’s identifier was created and kept in a computer file separate to the research 
data.  Data collection took place over approximately seven months.  During the data 
analysis, additional data were retrieved to facilitate in-depth analysis.  
 
5.2.1 Inter-rater reliability 
 
Inter-rater reliability analysis amongst the three data collectors was performed on 10 
medical records.  The purpose for conducting the inter-rater reliability in this study 
was to identify discrepancies in the data collected and to clarify and rectify the data 
to ensure accuracy of the data. 
 
Cohen’s Kappa coefficient 
 
Variables that were categorical data were tested using Cohen’s Kappa coefficient.  
Variables that had perfect agreement (N = 1.000) amongst the three data collectors 
were on Braden subscale scores, total Braden score, Braden risk level, co-morbidity 
– diabetes, level of consciousness, presence of urinary incontinence, need help in 
turning, received diuretics, received nitrates, level of consciousness, urinary 
incontinence, and turning.  These details were obtained from the Nursing Assessment 
Form.  Thus, the information was clearly visible and no interpretation was required 
in recording the response.  Regarding co-morbidities, diabetes was the only co-
morbidity on which perfect agreement was achieved between the three data 
collectors.  
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Kappa statistic could not be computed when any one of the data collectors had not 
used the same range of responses for the variable (Lombard, Snyder-Duch, & 
Bracken, 2004) (see Appendix H).  For example, for some variables, in all 10 cases, 
“no” (absent) was consistently selected by one data collector.  The variables affected 
by this issue were co-morbidity – peripheral vascular disease, numbness, presence of 
dryness, presence of bowel incontinence, medications – nitorol, and laboratory 
results – total protein and white blood cells.  Variables that were consistently rated as 
“yes” (present) for all records by one data collector were laboratory test – urea, 
creatinine, potassium, haemoglobin, haematocrit, and presence of pressure injury.  
Preventive interventions could also not be computed as all or most of the variables 
were recorded as “not documented”.  Discipline and location of pressure injury could 
not be computed either.  Negative kappa values signify that there is systematic 
disagreement between data collectors (Krippendorff, 2008; Viera & Garrett, 2005).  
For example, there was differing interpretation of classifying cardiac failure and 
cardiovascular disease, which resulted in a consistent difference in the coding for the 
co-morbidities.  The discrepancies were clarified through discussions amongst data 
collectors, and verified by re-checking the medical records, allowing corrections to 
be made.  Having clarified the information required and being aware of the areas of 
potential discrepancies, this allowed the data collectors to apply greater diligence 
during the subsequent data collection process. 
 
 
Intra-class correlation 
 
The frequency of the responses and intra-class correlation for each variable were 
tabulated.  There was 100% agreement for duration of surgery, and albumin.  
Agreement ranging from 98% to 99% was reached for urea values, creatinine, 
potassium, haematocrit, and white blood cells.  
 
The three data collectors differed on when the blood results were retrieved from the 
patients’ records (e.g., during emergency, on admission, or while in the hospital) (see 
Appendix H).  In general, the results that corresponded to admission time were 
recorded, when available, otherwise, the blood test taken during the emergency 
department stay was retrieved.  The intra-class correlation showed that the variation 
between the blood values from samples drawn in the Emergency Department and 
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those at admission was minimal, and the 95% CIs were not significant.  Intra-class 
correlation for systolic blood pressure was 0.928 (95% CI [0.811, 0.980]), 0.786 
(95% CI [0.520, 0.935]) for diastolic blood pressure, 0.979 (95% CI [0.941, 0.994]) 
for nutrition score, and 0.592 (95% CI [0.228, 0.861]) for haemoglobin.  The 
disagreement arose mainly related to data obtained from different sections of the 
medical records or different dates at which the laboratory tests were carried out.  
These were verified and the data to be collected were standardised and corrected.  
Weight, height, total protein, and turning frequencies could not be computed due to 
insufficient number of cases for analysis (Hallgren, 2012). 
 
Amongst variables that did not achieve 100% agreement were co-morbidities.  Here, 
the discrepancy arose because of the difficulty in obtaining data on specific co-
morbidities, as the information was located within the multi-disciplinary progress 
notes.  These progress notes are hand-written records of the patient’s daily progress 
and treatment orders, which are made by multiple healthcare providers, such as 
nurses, doctors, and allied health personnel.  Thus, finding relevant information on 
the patient’s co-morbidity required the data collectors to manually search through the 
many pages of the notes.  Furthermore, as the hand-written notes were in some cases 
illegible, the data collectors failed to identify the relevant information.  
 
Variables that did not reach 100% agreement were scrutinised and extensive 
discussions were held to determine the reason(s) for the discrepancy.  As a result, a 
classification of descriptors in the data collection form, such as co-morbidities or 
medications, was created.  In addition, some of the data of the 10 cases and the other 
collected data were re-verified with the medical records to increase the reliability of 
the data collected.  Greater care was taken in the abstraction of clinical data for 
subsequent cases in the areas where discrepancies were identified.  
 
The corrected data for the 10 cases of the inter-rater reliability and the other collected 
data, where applicable, were updated in the research database.  The variables 
included: 
x cardiovascular disease 
x bowel incontinence  
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x C Reactive Protein and albumin level recorded prior to development of the 
pressure injury 
x stage and location of the pressure injury for 90 cases 
x blood glucose level, recorded from the renal panel blood investigation  
 
5.3 Description of pressure injury 
 
Stage II pressure injury was the most frequently encountered, accounting for 81% of 
the cases (see Table 5.1).  The highest stage of pressure injury reported was Stage III, 
but only 5% of the pressure injuries reported had this level of severity.  The mean 
time to pressure injury being reported for Stage I was 11.79 days, Stage II required 
14.35 days to be identified, and Stage III needed 29.4 days. 
 
Table 5.1 Description of pressure injury 
Stages of pressure injury 
(n = 100) n (%) 
Time to Pressure Injury being reported 
in days 
Mean (SD) Median (Min to max) 
Stage I 14 (14.0) 11.79 (9.62) 9.5 (3 to 37) 
Stage II 81 (81.0) 14.35 (14.01) 10 (1 to 84) 
Stage III 5 (5.0) 29.40 (12.70) 33 (15 to 42) 
Stage IV 0 (0.0) - - 
Note: The hospital’s electronic occurrence report does not have categories on 
unstageable and deep tissue injury 
 
 
Out of 100 cases identified in the electronic Hospital Occurrence Report (eHOR), 86 
cases were reported as newly occurring pressure injury (see Figure 5.4).  The 
remaining cases were not reported in the first instance (i.e. at their first occurrence); 
one case was only reported in the eHOR system at its fourth occurrence.  
Incidentally, a further 61 records were subsequently identified within the patients 
records while locating records that were to be included in the control group.  These 
had never been reported in the eHOR. 
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Note: eHOR – electronic Hospital Occurrence Report 
 
Figure 5.4 Overview of reporting of occurrence of pressure injury  
 
 
Most pressure injuries were located on the sacrum (59%), followed by those found 
on the gluteal area (16%) (see Table 5.2).  
 
Table 5.2 Location of pressure injury 
Characteristics (n = 100) n (%) 
Location of pressure injury 
Sacrum 
Gluteal / Buttock 
Heel 
Spinal / Back 
Malleolus 
Ear 
Occiput 
Shoulder / Scapula 
Thorax 
Hip / Thigh 
Anal / Perineal 
Others 
Spinal / Back & sacral 
Shoulder / Scapula & right wrist 
Hip / Thigh & sacral 
 
59 (59.0) 
16 (16.0) 
8 (8.0) 
5 (5.0) 
5 (5.0) 
2 (2.0)  
0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
 
3 (3.0) 
1 (1.0) 
1 (1.0) 
 
 
100 cases identified 
in e-HOR 
Stage I = 31 
Stage II = 68 
Stage III = 1 
86 cases reported in e-
HOR at 1st occurrence 
Stage I = 20 
Stage II = 65 
Stage III = 1 
Incidental findings of 
61 records of 
unreported hospital-
acquired pressure 
injury that were 
excluded from control 
group 
Stage I = 52 
Stage II = 9 
14 cases remained 
Stage I = 6 
Stage II = 7 
Stage III = 1 
11 cases reported in e-
HOR at 2nd occurrence 
Stage I = 3 
Stage II = 7 
Stage III = 1 
3 cases remained 
Stage I = 1 
Stage II = 2 
2 cases reported in eHOR 
at 3rd occurrence 
Stage II = 2 
1 case remained 
Stage I = 1 
1 case reported in eHOR 
at 4th occurrence 
Stage I = 1 
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Next, the patient’s Braden scale risk level that was assessed on the day of admission 
to the hospital was compared against the Braden scale scores that were reported in 
the electronic Hospital Occurrence Report.  The Braden scale scores obtained from 
the cases that were reported in the electronic Hospital Occurrence Report, were 
grouped according to the Braden scale risk level.  The Braden score obtained from 
the electronic Hospital Occurrence Report is a single number that could not be 
corroborated in the nursing notes, as it is not documented elsewhere.  There was no 
change in risk level observed in 35 (35%) of the cases (see Table 5.3).  Of the 
remaining 65, 5 patients (5%) had an increased Braden scale score (corresponding to 
a decreased Braden scale risk level) at the time of the reported pressure injury event, 
and for 60 (60%) the Braden scale score decreased (i.e., Braden scale risk level 
increased) at the time of the reported pressure injury event.  The largest proportion of 
change in risk level was observed for the group classified on admission as “no risk” 
(n = 44, 78.6%).  
 
 
Table 5.3 Comparison of case patients for Braden scale risk level assessed on 
admission and on the day of reported pressure injury event 
Braden Scale 
risk level 
assessed on 
day of 
admission 
Braden scale risk level assessed on day of 
reported pressure injury event 
TOTAL 
≤ 9 10 – 12 13 – 14 15 – 16 ≥ 17 
Very high risk  
(≤ 9) 
3 
(75.0%) 0 
1 
(25.0%) 0 0 5 
High risk  
(10 – 12) 
1 
(9.1%) 
8 
(72.7%) 
1 
(9.1%) 
1 
(9.1%) 0 11 
Medium risk  
(13 – 14) 0 
4 
(30.8%) 
7 
(53.9%) 
2 
(15.4%) 0 13 
Low risk  
(15 – 16) 
1 
(6.3%) 
2 
(12.5%) 
8 
(50.0%) 
5 
(31.3%) 0 16 
No risk  
(≥ 17) 
2 
(3.6%) 
10 
(17.9%) 
16 
(28.6%) 
16 
(28.6%) 
12 
(21.4%) 56 
TOTAL 7 24 33 24 12 100 
Blue:  No change in Braden scale score between the day of reported 
pressure injury event and the day of admission (30%) 
Green:  Braden scale score on the day of reported event was higher than on 
admission.  This signifies decreased pressure injury risk (5%). 
Red:  Braden scale score on the day of reported event was lower than on 
admission.  This signifies increased pressure injury risk (60%) 
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5.4 Description of patient characteristics  
 
The criteria used to match the controls with the cases are summarised in Table 5.4.  
Amongst the patients whose records were used in this study, females (62%) and the 
elderly (64%) predominated.  Furthermore, 56% of the patients had stayed in hospital 
for more than 22 days, and 44% had surgery during their hospitalisation.  Few had 
been to ICU/HD (27%).  The mean age for the case group with pressure injury was 
69.58 years (SD = 15.77), compared to 65.69 years (SD = 17.34) in the group with 
no pressure injury.  However, this variance in age was not significant (p = 0.99).  
Non-parametric analysis was performed on length of stay as the data were skewed 
which revealed that the mean length of stay for the group with pressure injury 
(median = 24.00 days) was not significantly different from that of the group without 
the pressure injury (median = 22.0 days), based on the Mann-Whitney U test (p = 
0.396).  All five matching criteria showed minimal variation and none of the 
differences identified were statistically significant.   
 
 
Table 5.4 Matched Characteristics 
Characteristics Pressure injury No pressure injury 
Levene’s 
Test 
F(p) 
p 
Gender 
Female 
Male 
Surgery 
Yes 
No 
Had been to ICU/HD 
Yes 
No 
Aget 
65 years and above 
Less than 65 years 
Mean (SD) 
Median (Min to max) 
Length of stay (days)u 
22 days and above 
Less than 22 days 
Mean (SD) 
Median (Min to max) 
 
62% 
38% 
 
44% 
56% 
 
27% 
73% 
 
64% 
36% 
69.58 (15.765) 
73.00 (26 to 97) 
 
56% 
44% 
38.70 (42.556) 
24.00 (5 to 237) 
 
62% 
38% 
 
44% 
56% 
 
27% 
73% 
 
64% 
36%65.69 (17.342) 
70.00 (23 to 96) 
 
56% 
44%21.07 (18.566) 
22.00 (1 to 97) 
 
 
 
 
 
0.358 (0.55) 
 
 
 
 
 
 
 
 
 
0.099 
 
 
 
 
0.396 
t Independent t-test 
u Mann-Whitney U test 
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Demographic characteristics 
 
The demographic characteristics of both the case and control groups are summarised 
in Table 5.5.  In terms of ethnicity, there were slightly more Chinese patients in the 
group with pressure injury (73%), compared to those without pressure injury (66%).    
Patients admitted to the general medical service formed the highest proportion of 
study participants with (48%) and without (63%) pressure injury.  This was followed 
by patients admitted to the orthopaedic service, of whom 36% had a pressure injury. 
Among patients from the surgical service, 21% did not have a pressure injury.  
 
Only 10% and 6% of patients in the case group and control group were smokers, 
respectively.  Cardiovascular disease was the predominant co-morbidity identified in 
both groups.  The patients with diabetes respectively accounted for 43% and 38%.  A 
comparison between the groups with and without pressure injury revealed that 40% 
and 29% patients suffered from infection, respectively.  There was a significantly (p 
< 0.001) greater number of patients with anaemia in the group with (25%) pressure 
injury, compared to those without pressure injury (6%).  Finally, more than three 
quarters of all the patients were admitted through the emergency department from 
their own homes.  
 
Discipline (p = 0.001), and type of admission (p = 0.007) were demographic 
variables that were found to be significantly associated with pressure injury 
development.  However, anaemia (p < 0.001) was the only co-morbidity that was 
found to be a significant factor to the development of pressure injury. 
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Table 5.5 Demographic of cases and controls 
Characteristics 
Pressure injury n 
(%) 
(n = 100) 
No pressure 
injury n (%) 
(n = 100) 
p 
Racep 
Chinese  
Malay 
Indian 
Eurasian 
Others 
Sikh 
Indonesian 
Burmese 
Caucasian 
Filipino 
 
73 (73.0) 
17 (17.0) 
8 (8.0) 
1 (1.0) 
1 (1.0) 
1 (1.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
 
66 (66.0) 
19 (19.0)  
9 (9.0) 
0 (0.0) 
6 (6.0) 
1 (1.0)  
2 (2.0) 
1 (1.0) 
1 (1.0) 
1 (1.0) 
 
 
 
0.278 
Disciplinep 
Medical 
General medicine 
Oncology / Haematology 
Cardiology 
Gastro-enterology 
Respiratory 
Renal  
Geriatric medicine 
Endocrine 
Neurology 
Infectious disease 
Otorhinolaryngology 
Urology 
Psychiatry 
Rehabilitation medicine 
Orthopaedic 
Surgical 
Cadiothoracic vascular surgery 
Neurosurgery 
Hepatobiliary surgery 
General surgery 
Colorectal surgery 
Plastic & reconstructive surgery 
Liver transplant 
Oral & maxillofacial surgery 
 
48 (48.0) 
21 (21.0) 
10 (10.0) 
3 (3.0) 
3 (3.0) 
2 (2.0) 
2 (2.0) 
2 (2.0) 
1 (1.0) 
1 (1.0) 
1 (1.0) 
1 (1.0) 
1 (1.0)  
0 (0.0) 
0 (0.0) 
36 (36.0) 
16 (16.0) 
6 (6.0) 
4 (4.0) 
2 (2.0) 
2 (2.0) 
1 (1.0) 
1 (1.0) 
0 (0.0) 
0 (0.0) 
 
63 (63.0)  
6 (6.0) 
15 (15.0) 
7 (7.0) 
5 (5.0) 
9 (9.0) 
7 (7.0) 
2 (2.0) 
1 (1.0) 
3 (3.0) 
0 (0.0) 
2 (2.0) 
0 (0.0)  
2 (2.0) 
4 (4.0) 
16 (16.0)  
21 (21.0) 
8 (8.0) 
4 (4.0) 
2 (2.0) 
1 (1.0)  
3 (3.0) 
1 (1.0) 
1 (1.0) 
1 (1.0) 
0.001* 
Smokingy 
Yes 
No 
Ex-smoker  
Non-smoker 
Not documented 
 
10 (10.0)  
 
9 (9.0) 
59 (59.0)  
22 (22.0) 
 
6 (6.0) 
 
9 (9.0) 
59 (59.0) 
26 (26.0) 
0.495 
Pre-arrival settingp 
Own home 
Nursing home 
Other hospital 
Community hospital 
Not documented 
 
83 (83.0) 
7 (7.0) 
3 (3.0) 
1 (1.0) 
6 (6.0) 
 
75 (75.0) 
4 (4.0) 
3 (3.0) 
2 (2.0) 
16 (16.0) 
0.192 
Type of admissionp 
Emergency 
Scheduled 
Direct admission 
Not documented 
 
88 (88.0) 
8 (8.0) 
3 (3.0) 
1 (1.0) 
 
70 (70.0) 
12 (12.0) 
9 (9.0) 
9 (9.0) 
0.007* 
Co-morbidities 
Cardiovascular diseasey 
Diabetesy 
Infectiony 
Anaemiay 
Cancery 
Renal failurey 
Heart failurey 
Peripheral vascular diseasey 
 
68 (68) 
43 (43.0) 
40 (40.0) 
25 (25.0) 
22 (22.0) 
17 (17.0) 
9 (9.0) 
5 (5.0) 
 
68 (68) 
38 (38.0) 
29 (29.0) 
6 (6.0) 
26 (26.0) 
15 (15.0) 
10 (10.0)  
2 (2.0) 
 
1.000 
0.564 
0.137 
<0.001* 
0.619 
0.847 
1.000 
0.442 
p Pearson’s chi square test                     
y Yates Continuity Correction chi square test 
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Intrinsic and extrinsic factors 
 
Intrinsic factors, such as mobility, skin integrity, level of consciousness, nutritional 
status, and presence of fever, were examined and are summarised in Table 5.6.  In 
the pressure injury group, 73% of patients were assessed as confined to bed (scoring 
4 on the get-up-and-go test) compared to 46% in the group without pressure injury.  
The get-up-and-go test is an assessment of mobility. It is one of the risk factor of the 
Hendrich falls assessment tool used in the hospital to assess for risk of fall.  The get-
up-and-go test comprise of four levels with increasing mobility difficulty, 
corresponding to the scores of 0, 1, 3, and 4.  A score of ‘0’ is recorded when the 
patient is able to get up from a sitting position to a standing position with ease.  A 
score of ‘4’ is recorded when the patient needs assistance to get up or is bed-bound.  
There were 57% of patients that were assessed as “needs help in turning in bed” in 
the group with pressure injury, compared to only 25% in the group without pressure 
injury.  In terms of the final outcome, a higher proportion of patients in the group 
with pressure injury died (18%), compared to those in the group without pressure 
injury (2%).  Needing assistance to turn in bed, level of consciousness, and get-up-
and-go test of difficulty in getting up from sitting to standing position were intrinsic 
factors that were found to be significantly different between both groups. 
 
Extrinsic factors, such as urinary and bowel incontinence, were examined.  The use 
of diapers featured highly in the pressure injury group, when compared with the 
group without pressure injury, accounting for 70% and 53% in these groups, 
respectively.  All except one extrinsic factor (bowel incontinence) were found to be 
significant.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 85 
 
Table 5.6 Characteristics of intrinsic and extrinsic factors 
Characteristics 
Pressure 
injury n (%) 
(n = 100) 
No pressure 
injury n (%) 
(n = 100) 
p 
Intrinsic Factors 
Needs help in turning in bedy 
Yes 
No 
 
57 (57.0) 
43 (43.0) 
 
25 (25.0) 
75 (75.0) 
 
<0.001* 
Skin integrity – Drynessy 
Yes 
No 
Not documented 
 
7 (7.0) 
87 (87.0) 
6 (6.0) 
 
6 (6.0) 
91 (91.0) 
3 (3.0) 
 
 
0.953 
Sensory – Numbnessy 
Yes 
No 
Not documented 
 
4 (4.0) 
86 (86.0) 
10 (10.0) 
 
2 (2.0) 
96 (96.0) 
2 (2.0) 
 
 
0.602 
Level of consciousnessp 
Unresponsive  
Drowsy  
Confused 
Awake & orientated 
 
5 (5.0) 
10 (10.0) 
7 (7.0) 
78 (78.0) 
 
1 (1.0) 
4 (4.0) 
2 (2.0) 
93 (93.0) 
 
 
0.025* 
Nutritional statusy 
Undernourished (score ≥ 5) 
Adequate nutrition (score ≤ 4) 
Not documented 
 
18 (18.0) 
81 (81.0) 
1 (10) 
 
15 (150) 
85 (85.0) 0.680 
Get up & go testp 
0 
1 
3 
4 
Not documented 
 
5 (5.0) 
4 (4.0) 
17 (17.0) 
73 (73.0) 
1 (1.0) 
 
16 (16.0) 
11 (11.0) 
26 (26.0) 
46 (46.0) 
1 (1.0) 
 
 
 
0.001* 
Fever (≥ 38 degree) during hospitalisationy 54 (54.0) 41 (41.0) 0.089 
Diedy 18 (18.0) 2 (2.0) <0.001* 
Extrinsic Factors 
Use diapers during hospitalisationy 70 (70.0) 53 (53.0) 0.020* 
Use absorbent products / diapers on 
admissiony 
Yes 
No 
Not documented 
 
 
28 (28.0) 
69 (69.0) 
3 (3.0) 
 
 
8 (8.0) 
89 (89.0) 
3 (3.0) 
 
 
 
<0.001* 
Urinary incontinencey 
Yes 
No 
Not documented 
 
34 (34.0) 
65 (65.0) 
1 (1.0) 
 
17 (17.0) 
82 (82.0) 
1 (1.0) 
 
 
0.009* 
Bowel incontinencey 4 (4.0) 1 (1.0) 0.365 
p Pearson’s chi square test                     
y Yates Continuity Correction chi square test 
* Significant at p ≤ 0.05 
 
 
Other extrinsic variables, such as blood pressure, nutrition score, and duration of 
surgery, are presented in Table 5.7, which reveals minimal variation between the 
groups with and without pressure injury.  The mean duration of surgery in the 
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pressure injury group was 2.98 hours (SD = 2.57), compared to 2.05 hours (SD = 
2.5) in the group without pressure injury.  None of the variables demonstrated any 
significance to the development of pressure injury. 
 
Table 5.7 Other extrinsic characteristics 
Characteristics Pressure injury No pressure injury 
Levene’s 
Test 
F(p) 
p 
Systolic blood pressure (mmHg) t 
n 
Mean (SD) 
Median (Min to max) 
 
98 
135.5 (21.47) 
135 (88 to 206) 
 
100 
131.48 (21.809) 
131 (88 to 196) 
 
 
0.736 
 
 
0.193 
Diastolic blood pressure (mmHg)t 
n 
Mean (SD) 
Median (Min to max) 
 
98 
72.93 (12.91) 
70.5 (50 to 112) 
 
100 
74.39 (14.9) 
70 (50 to 160) 
 
 
0.737 
 
 
0.462 
Nutrition score 
n 
Mean (SD) 
Median (Min to max) 
 
99 
2.76 (2.209) 
2 (0 to 9) 
 
100 
2.4(2.06) 
2.52 (0 to 8) 
 
 
0.592 
 
 
0.239 
Duration of surgery (hrs) 
n 
Mean (SD) 
Median (Min to max) 
 
44 
2.98 (2.57) 
2 (0 to 12) 
 
39 
2.05 (2.5) 
1 (0 to 8) 
 
 
0.498 
 
 
0.063 
t Independent t-test 
Note: n for surgery is less than 100 as not all patients have surgery 
 
 
Prescribed medications 
 
The types of prescribed medications are summarised in Table 5.8.  Prescription of 
vasopressors (p < 0.001) and sedation (p = 0.043) were the only groups of 
medication found to be significantly different between the case and control groups. 
 
 
Table 5.8 Type of prescribed medication 
Medications 
Pressure 
injury n (%) 
(n = 100) 
No pressure 
injury n (%) 
(n = 100) 
p 
Diureticsy 35 (35) 34 (34) 1.000 
Vasopressorsy 25 (25) 6 (6) <0.001* 
Steroidsy 24 (24) 20 (20) 0.609 
Sedationy 24 (24) 12 (12) 0.043* 
Calcium channel blockersy 23 (23) 31 (31) 0.265 
Nitratey 21 (21) 15 (15) 0.130 
Skeletal muscle relaxantsy 14 (14) 8 (8) 0.258 
y Yates Continuity Correction chi square test 
* Significant at p ≤ 0.05 
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Biochemistry factors 
 
Laboratory results were classified into three groups — within normal range, 
abnormally high, and abnormally low.  No significant differences between the 
laboratory tests of the groups with and without pressure injury were found.  Thus, the 
“abnormally high” and “abnormally low” groups were collapsed into one group, 
leading to the final patient classification into “normal” and “abnormal” groups.  
Yates Continuity Correction showed no significant difference in the entire laboratory 
test between the groups with and without pressure injury. 
 
Although haemoglobin and haematocrit findings were initially found to be 
significantly different, when analysed using the original continuous laboratory 
results, following grouping into normal and abnormal groups, they were 
subsequently found to be insignificant.  
 
From the bivariate analyses of the independent variables, discipline, type of 
admission, length of stay, anaemia, level of consciousness, need help in turning in 
bed, get-up-and-go test, use of diapers, urinary incontinence, use of vasopressors, 
and sedation were found to be significantly different between the groups with and 
without pressure injury. 
 
 
5.5 Description of Braden scale and Braden subscales 
 
The number of patients in each of the elements of the Braden scale and its subscales 
is summarised in Table 5.9.  Using the original risk level and scores, the Braden 
scale and subscales were each tested for statistical differences between the groups 
with and without pressure injury.  The Braden scale and Braden subscales were 
found to be significantly different when the two groups were compared (p < 0.05)  
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Table 5.9 Frequency of Braden scale and Braden subscales risk level on admission 
Braden scale and 
subscale risk level 
(score) 
Pressure 
injury n 
(%) 
(n = 100) 
No 
pressure 
injury n 
(%) 
(n = 100) 
Significance test (p) 
Ordinalp Model 1y Model 2y 
Braden scalep 
Very high risk ( ≤ 9) 
High risk (10 - 12) 
Medium risk (13 - 14) 
Low risk (15 - 16) 
No risk ( ≥ 17) 
 
4 (4.0) 
11 (11.0) 
13 (13.0) 
16 (16.0) 
56 (56.0) 
 
1 (1.0) 
1 (1.0) 
8 (8.0) 
9 (9.0) 
81 (81.0) 
0.001* <0.001* 0.002* 
Braden subscale: Activityp 
Bed bound (1) 
Chair bound (2) 
Walk occasionally (3) 
Walk frequently (4) 
 
30 (30.0) 
19 (19.0) 
29 (29.0) 
22 (22.0) 
 
12 (12.0) 
16 (16.0) 
33 (33.0) 
39 (39.0) 
0.005* 0.014* 0.004* 
Braden subscale: Mobilityp 
Immobile (1) 
Very limited (2) 
Slight limited (3) 
No limitation (4) 
 
11 (11.0) 
37 (37.0) 
36 (36.0) 
16 (16.0) 
 
2 (2.0) 
13 (13.0) 
50 (50.0) 
35 (35.0) 
<0.001* 0.003* <0.001* 
Braden subscale: Nutritionp 
Very poor (1) 
Probably adequate (2) 
Adequate (3) 
Excellent (4) 
 
5 (5.0) 
29 (29.0) 
40 (40.0) 
26 (26.0) 
 
0 (0.0) 
17 (17.0) 
53 (53.0) 
30 (30.0) 
0.017* 0.637 0.006* 
Braden subscale: Moisturep 
Constantly moist (1) 
Very moist (2) 
Occasionally moist (3) 
Rarely moist (4) 
 
5 (5.0) 
11 (11.0) 
44 (44.0) 
40 (40.0) 
 
2 (2.0) 
5 (5.0) 
33 (33.0) 
60 (60.0) 
0.028* 0.007* 0.076 
Braden subscale: Friction 
Problem (1) 
Potential problem (2) 
No apparent problem 
(3) 
 
5 (5.0) 
45 (45.0) 
50 (49.0) 
 
2 (2.0) 
27 (27.0) 
71 (71.0) 
0.009* 0.004* 0.442 
Braden subscale: Sensoryp 
Completely limited (1) 
Very limited (2) 
Slightly impaired (3) 
No impairment (4) 
 
4 (4.0) 
12 (12.0) 
33 (33.0) 
51 (51.0) 
 
1 (1.0) 
3 (3.0) 
22 (22.0) 
74 (74.0) 
0.003*  0.001* 0.010* 
p Pearson’s chi square test                     
y Yates Continuity Correction chi square test 
* Significant at p ≤ 0.05 
Braden scale:  
Model 1 - At risk of developing pressure injury = Braden score ≤ 16 
Model 2 – At risk = Braden score ≤ 14 
Braden subscales except friction & shear subscale:  
Model 1 – presence of impairment or limitation = subscale score ≤ 3 
Model 2 – presence of impairment or limitation = subscale scores ≤ 2 
Braden friction & shear subscale:  
Model 1 – presence of friction and shear = subscale score ≤ 2 
Model 2 – presence of friction and shear = subscale scores = 1 
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Following the aforementioned analysis, the Braden scale risk levels and the subscale 
scores were re-coded into dichotomous groups labelled as “at risk” and “not at risk” 
of developing pressure injury.  The Braden scale and subscales were tested for 
significance at two cut-off scores designated as Models 1 and 2.  For the Braden 
scale, Model 1 was demarcated, whereby the cut off score of 16 or less denoting 
patient as being “at risk” was assigned a value of 1.  Similarly, a score of 17 or above 
corresponded to “not at risk” and was given a value of 0.  Model 2 was demarcated at 
the cut-off score of 14 or less, denoting “at risk” (1), with a score of 15 denoting “not 
at risk” (0).  
 
Similarly, for the Braden subscales other than for friction and shear, Model 1 was 
demarcated at the cut-off score of 3 or less, denoting “impaired or limited”, 
corresponding to a value of 1.  Thus, score of 4 and above indicated “not impaired or 
not limited” and was assigned a value of 0.  In line with the above, Model 2 was 
demarcated at the cut-off score of 2 or less, indicating “impaired or limited”, which 
was assigned a value of 1.  Hence, a score of 3 or more denoted “not impaired or 
limited” and was assigned a value of 0.  For the friction and shear subscale, the cut-
off score for Model 1 was demarcated at score 2 or less, and at score 1 in Model 2, 
signifying presence of friction and shear.  The data presented in this manner were 
then analysed using Yates Continuity Correction chi-square test.  
 
The bivariate analysis pertaining to Model 1 indicated that the Braden nutrition 
subscale was the only subscale that was not significantly different between the 
groups with and without pressure injury.  For Model 2, the Braden moisture, and 
friction and shear subscales were not significantly different between the two groups. 
 
5.6 Evaluating the Braden mobility subscale as a predictor of 
pressure injury 
 
This section reports the results of the analysis comparing the predictive measures of 
the Braden mobility subscale with the Braden scale.  
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5.6.1 Comparison between Braden mobility subscale and Braden 
scale 
 
The likelihood of developing a pressure injury following the assessment using the 
Braden mobility subscale and the Braden scale was examined.  Three models for the 
Braden mobility subscale were tested; at cut-off scores ≤ 3 (Model 1), ≤ 2 (Model 2), 
and ≤ 1 (Model 3).  For the Braden scale, four models were tested at cut-off scores 
according to the Braden scale risk levels; Model 1 (≤ 16), Model 2 (≤ 14), Model 3 
(≤ 12), and Model 4 (≤ 9).  The dichotomous Braden scale and Braden mobility 
subscale values for each model were entered separately into a binary logistic 
regression.  This approach was necessary, as the Braden mobility subscale is a 
component of the full Braden scale; hence, if the Braden scale and the subscale had 
been entered simultaneously into the logistic regression, this would have constituted 
singularity, which would invalidate the analysis (Pallant, 2011). 
 
For the dependent variable, absence of pressure injury was denoted as 0, and 
presence of pressure injury was assigned a value of 1.  For the independent variable, 
classification as “not at risk” of developing pressure injury according to the Braden 
scale, and “no mobility impairment” on the Braden mobility subscale, was assigned a 
value of 0.  Similarly, “at risk” on the Braden scale and “has mobility impairment” 
on the Braden mobility subscale was assigned the value of 1.  The contrast in the 
SPSS was set as “First”.  
 
All models, except Braden scale Model 4, which had the cut-off score of 9, were 
significant (see Table 5.10).  The Omnibus test of model coefficients was reported.  
Of the three significant Braden scale models, model 3, with a cut-off score of 12 
(“moderate risk”), generated the highest odds ratio of 8.647 (95% CI [1.922, 38.898] 
p = 0.005).  However, the 95% CI was very wide, signifying considerable variability 
in the data points.  Furthermore, the model explained 5.9% to 7.9% of the variance in 
the incidence of pressure injury and had an accuracy of 56.5% for determining 
presence or absence of pressure injury.   
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Table 5.10 Predicting Pressure Injury: Comparison between Braden scale and Braden 
mobility subscale at various cut-off scores 
Models Odds ratio (95% CI) p 
Omnibus 
tests of 
model 
coefficients 
Cox & Snell 
and 
Nagelkerke 
R2 
Percentage 
correct 
Braden Scale      
Model 1  
Cut-off score ≤ 16 
(Low risk or higher) 
 
3.350 
(1.772 to 6.332) 
<0.001 14.787  (p < 0.001) 
 
7.1% to 9.5% 
 
62.5% 
Model 2  
Cut-off score ≤ 14 
(Moderate risk or 
higher) 
 
3.5 
(1.595 to 7.679) 0.002 
10.882 
(p = 0.001) 
 
5.3% to 7.1%  
59% 
Model 3 
Cut-off score ≤ 12 
(High risk or higher) 
 
8.647 
(1.922 to 38.898) 
0.005 12.176 (p < 0.001) 
 
5.9% to 7.9% 
 
56.5% 
Model 4 
Cut-off score ≤ 9 
(Very high risk) 
 
4.125 
(0.453 to 37.573)
0.209 1.974 (p = 0.160) 
 
1% to 1.3% 
 
51.5% 
Braden Mobility Subscale     
Model 1  
Cut-off score ≤ 3 
(Slightly limited 
mobility or worse) 
 
2.827 
(1.440 to 5.548) 0.003 
9.68  
(p = 0.002) 
 
4.7% to 6.3%  
59.2% 
Model 2  
Cut-off score ≤ 2 
(Very limited 
mobility or worse) 
 
5.231 
(2.664 to 
10.270) 
<0.001 26.2  (p < 0.001) 
 
12.3% to 
16.4% 
 
66.5% 
Model 3 
Cut-off score = 1 
(Immobile) 
 
6.056 
(1.307 to 
28.073) 
0.021 7.293 (0.007) 
 
3.6% to 4.8% 
 
54.5% 
Note: CI – Confidence Interval 
 
 
Amongst the Braden scale models, Model 1 (corresponding to cut-off score ≤ 16m 
low risk or higher) had the highest explained variance (7.6% to 10.2%) and accuracy 
(62.5%), but the odds ratio was lower (odds ratio = 3.350, 95% CI [1.772, 6.332] p < 
0.001) than that of the Braden scale Model 3 (cut-off score ≤ 12).  Even though the 
Braden scale Model 1 (low risk or higher) may not have presented with the highest 
odds ratio, it appears to be the more acceptable model, as it is the most accurate and 
has the highest variance explained.  Therefore, taking into consideration the odds 
ratio, variability of the 95% CI, variance in explaining pressure injury and correct 
classification, it can be concluded that Model 1 of the Braden scale may be the best 
model in predicting pressure injury, compared to other Braden scale models. 
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Of the three Braden mobility subscale models, Model 3 (cut-off score = 1, immobile) 
reported the highest odds ratio of 6.056 (95% CI [1.307, 28.073]).  In addition, the 
model only explained 3.6% to 4.8% of the variance in the incidence of pressure 
injury and had 54.5% percentage of presence or absence of pressure injury correctly 
classified.  Although the Braden mobility subscale Model 2 (cut-off score ≤ 2, very 
limited mobility) had a slightly lower odds ratio of 5.231 (95% CI [2.664, 10.270]) 
than Model 3, it had a comparatively much narrower 95% CI.  Braden mobility 
subscale Model 2 also had the highest variance explained, ranging from 12.3% (Cox 
and Snell R2) to 16.4% (Nagelkerke R2), as well as the highest percentage (66.5%) of 
correctly classified incidence and absence of pressure injury.  Thus, the results 
indicate that the Braden mobility subscale Model 2 would be the best overall 
predictor of pressure injury.  Incidentally, the variance explained and accuracy was 
the highest amongst all Braden scale and Braden mobility subscale models. 
 
Following the analysis above, the two best models from each Braden scale and 
Braden mobility subscale were compared (see Table 5.10).  The findings revealed 
that the Braden mobility subscale Model 2 (cut-off score ≤ 2) demonstrated a higher 
likelihood in predicting pressure injury compared to the Braden scale Model 1, which 
had a higher variance explained and higher percentage correct classification.  
Comparatively, the Braden mobility subscale would emerge as the better model in 
predicting pressure injury than the Braden scale. 
 
 
A Receiver Operating Characteristics curve was generated to test the accuracy of the 
Braden scale and Braden mobility subscale using the original scores (see Figure 5.5).  
The Area Under the Curve for the Braden scale and the Braden mobility subscale 
were 0.681 (95% CI [0.608. 0.754] p < 0.001) and 0.691 (95% CI [0.618, 0.765]), 
respectively.  Therefore, the Braden mobility subscale achieves slightly higher 
accuracy, based on the slightly higher Area Under the Curve. 
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Note: ROC – Receiver Operating Characteristic 
 
Figure 5.5 ROC Curve: Braden scale and Braden mobility subscale 
 
 
Determining the threshold score would be of clinical importance to ensure accuracy 
of a diagnostic test (Fritz & Wainner, 2001).  In that respect, the risk assessment 
tools, it would be expedient that the risk assessment tools accurately diagnose the 
risk for developing pressure injury so that those at risk can be identified and 
preventive interventions can be initiated to the patient in a timely manner.  Table 
5.11 presents the sensitivity, specificity, positive predictive value, and negative 
predictive values for the Braden scale and Braden mobility subscale.  Sensitivity is 
the ability of the assessment tool to correctly diagnose or predict disease (Pallant, 
2011), in this case, pressure injury. Whereas, specificity is a measure of the ability of 
the assessment tool to correctly diagnose or predict no disease (Pallant, 2011).  
 
To determine the optimal cut-off score, the Braden scale was dichotomised at various 
cut-off scores into two groups, namely “at risk” (assigned value = 1) and “not at risk” 
(assigned value = 0) of developing pressure injury.  The Braden scale at the different 
cut-off scores was cross-tabulated with presence or absence of pressure injury into a 
2×2 table to generate the true positive, true negative, false positive, and false 
negative values.  The values generated for each cut-off score were entered into the 
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CEBM statistics calculator (Centre for Evidence Based Medicine, 2012) to generate 
the diagnostic test results (see Table 5.11).  The accuracy at each cut-off score was 
manually calculated by adding the true positive values and true negative values, and 
dividing the sum with the sample size (n = 200).  The Braden mobility subscale was 
subjected to the same process of assigning mobility impairment at each cut-off score. 
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Table 5.11  Analysis of Diagnostic Accuracy of Braden Scale and Braden Mobility 
subscale at various cut-off scores 
Cut-
off 
Score 
Sensitivity 
(95% CI) 
Specificity 
(95% CI) 
Positive 
Predictive Value 
(95% CI) 
Negative 
Predictive Value 
(95% CI) 
Accuracy 
Braden Scale 
≤ 8 0.02  (0.006 to 0.07) 
0.99  
(0.946 to 0.998) 
0.667 
(0.208 to 0.939) 
0.503 
(0.433 to 0.572) 0.505 
≤ 9 0.04 (0.016 to 0.098) 
0.99 
(0.946 to 0.998) 
0.8 
(0.376 to 0.964) 
0.508 
(0.438 to 0.577) 0.515 
≤ 10 0.06 (0.028 to 0.125) 
0.99 
(0.946 to 0.998) 
0.857 
(0.487 to 0.974) 
0.513 
(0.443 to 0.583) 0.525 
≤ 11 0.09 (0.048 to 0.162) 
0.99 
(0.946 to 0.998) 
0.9 
(0.596 to 0.982) 
0.521 
(0.45 to 0.591) 0.540 
≤ 12 0.15 (0.093 to 0.233) 
0.98 
(0.93 to 0.994) 
0.882 
(0.657 to 0.967) 
0.536 
(0.463 to 0.606) 0.565 
≤ 13 0.22 (0.15 to 0.311) 
0.94 
(0.875 to 0.972) 
0.786 
(0.605 to 0.898) 
0.547 
(0.472 to 0.619) 0.580 
≤ 14 0.28 (0.201 to 0.375) 
0.9 
(0.826 to 0.945) 
0.737 
(0.58 to 0.85) 
0.556 
(0.479 to 0.63) 0.590 
≤ 15 0.35 (0.264 to 0.447) 
0.87 
(0.79 to 0.922) 
0.729 
(0.59 to 0.834) 
0.572 
(0.493 to 0.648) 0.610 
≤ 16 0.44 (0.347 to 0.538) 
0.81 
(0.722 to 0.875) 
0.698 
(0.576 to 0.798) 
0.591 
(0.508 to 0.67) 0.625 
≤ 17 0.56 (0.462 to 0.653) 
0.73 
(0.636 to 0.807) 
0.675 
(0.568 to 0.766) 
0.624 
(0.534 to 0.706) 0.645 
≤ 18 0.63 (0.532 to 0.718) 
0.6 
(0.502 to 0.691) 
0.612 
(0.515 to 0.7) 
0.619 
(0.519 to 0.709) 0.615 
≤ 19 0.71 (0.615 to 0.79) 
0.49 
(0.394 to 0.587) 
0.582 
(0.493 to 0.666) 
0.628 
(0.517 to 0.727) 0.600 
≤ 20 0.82 (0.733 to 0.883) 
0.41 
(0.319 to 0.508) 
0.582 
(0.499 to 0.66) 
0.695 
(0.569 to 0.797) 0.615 
≤ 21 0.88 (0.802 to 0.93) 
0.3 
(0.219 to 0.396) 
0.557 
(0.479 to 0.632) 
0.714 
(0.564 to 0.828) 0.590 
≤ 22 0.93 (0.863 to 0.966) 
0.2 
(0.133 to 0.289) 
0.538 
(0.463 to 0.61) 
0.741 
(0.553 to 0.868) 0.565 
Braden Mobility Subscale 
1 
0.11 
(0.063 to 0.186) 
0.98 
(0.93 to 0.994) 
0.846 
(0.578 to 0.957) 
0.524 
(0.453 to 0.594) 0.545 
≤ 2 
0.48 
(0.385 to 0.577) 0.85 (0.767 to 0.907) 
0.762 
(0.644 to 0.85) 
0.62 
(0.537 to 0.697) 0.665 
≤ 3 
0.84 
(0.756 to 0.899) 
0.35 
(0.264 to 0.447) 
0.56 
(0.484 to 0.641) 
0.69 
(0.55 to 0.797) 0.595 
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As it was determined that the optimal Braden scale cut-off score was 17 or less, due 
to the greatest accuracy (64.5%) achieved by this classification, it was subjected to 
further analysis, revealing that, at this cut-off score, the best balance of sensitivity 
(56%), specificity (73%), positive predictive value (67.5%), and negative predictive 
value (62.4%) were achieved.  Similarly, the Braden mobility subscale with the cut-
off score of 2 or less (very limited and immobile), yielded the highest accuracy 
(66.5%).  Thus, following further analysis, it was established that the sensitivity 
(48%), specificity (85%), positive predictive value (76.2%), and negative predictive 
value (62%) could be achieved at this cut-off score. 
 
 
5.6.2 Evaluating the predictive ability of the Braden subscales 
 
This section reports on the analysis evaluating whether other Braden subscales add to 
the predictive measure for pressure injury.  For this analysis, two models were tested 
—at cut-off scores ≤ 3 (Model 1) and ≤ 2 (Model 2) — for each Braden subscales; 
moisture, sensory, activity, and mobility.  The Braden subscale of friction and shear 
was assigned a cut-off score that was one point lower.  The Braden subscales that 
were significant were entered concurrently into the logistic regression.   
 
The results for Model 1 are summarised in Table 5.12, revealing that none of the 
subscales had a standard error greater than 2.0, signifying absence of 
multicollinearity.  The model containing all five predictors was statistically 
significant; χ2 (5, N = 200) = 17.294, p = 0.004.  As the Hosmer-Lemeshow 
goodness-of-fit test was not significant (p = 0.965) the model was supported.  As a 
whole, the model explained 8.3% (Cox and Snell R2) to 11% (Nagelkerke R2) of the 
variance explaining the incidence of pressure injury.  Moreover, it correctly 
classified 62.5% of the cases.  However, individually, none of the independent 
variables made a statistically unique significant contribution to the incidence of 
pressure injury. 
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Table 5.12 Model 1: Logistic regression entered for Braden subscales (excluding 
nutrition) 
Braden 
subscale 
Model 1 
Beta S.E. Wald df Sig. Odds ratio 
95% CI for Odds 
ratio 
Lower Upper 
Sensory .562 .376 2.235 1 .135 1.754 .840 3.663 
Moisture .211 .368 .330 1 .566 1.235 .601 2.541 
Activity -.096 .487 .039 1 .844 .909 .350 2.360 
Mobility .591 .508 1.357 1 .244 1.807 .668 4.886 
Friction .415 .349 1.414 1 .234 1.515 .764 3.004 
Constant -.855 .310 7.597 1 .006 .425     
Note: S.E. – Standard Error, df – degree of freedom, CI – confidence Interval 
Model 1:   
Presence of impairment/limitation = subscale score ≤ 3 (score ≤ 2 for friction) 
which is assigned a value of ‘1’ 
Absence of impairment/limitation = subscale score = 4 (score =3 for friction) 
which is assigned a value of ‘0’ 
Contrast was set as ‘First’ 
Percentage correct 62.5% 
Omnibus tests of model coefficient: F2 = 17.294, df = 5, p = 0.004 
Hosmer and Lemeshow test: F2 = 1.912, df =7, p = 0.965 
Model summary: -2 log likelihood = 259.965, Cox & Snell R2 = 0.83, Nagelkerke R2 = 
0.110 
 
 
In the regression analysis for Model 2 (see Table 5.13), the Braden moisture and 
friction subscales were excluded, as, based on the bivariate test, the variable was not 
significant.  The model containing all four predictors was statistically significant; χ2 
(4, N = 200) = 28.41, p < 0.001.  Moreover, as the Hosmer-Lemeshow goodness-of-
fit test was not significant (p = 0.864), the model was supported.  The model as a 
whole explained 13.2% (Cox and Snell R2) to 17.7% (Nagelkerke R2) of the variance 
in the incidence of pressure injury and correctly classified 66.5% of the cases.  The 
Braden mobility subscale was the only independent variable that made a unique 
statistically significant contribution to the model, with an odds ratio of 5.714 (95% 
CI [2.062, 15.676] p = 0.001).   
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Table 5.13 Model 2: Logistic regression entered for Braden subscales (excluding 
friction and shear, and moisture subscales) 
Braden subscale 
Model 1 Beta S.E. Wald df Sig. 
Odds 
ratio 
95% CI for 
Odds ratio 
Lower Upper 
Sensory .229 .676 .115 1 .735 1.257 .334 4.727 
Activity -.380 .457 .691 1 .406 .684 .279 1.675 
Mobility 1.743 .515 11.454 1 .001* 5.714 2.062 15.676 
Nutrition .448 .384 1.366 1 .243 1.566 .738 3.321 
Constant -.506 .197 6.623 1 .010 .603     
Note: S.E. – Standard Error, df – degree of freedom, Sig. - Significance, CI – 
Confidence Interval 
* Significant at p ≤ 0.05 
Model 2:  
Presence of impairment/limitation = subscale score ≤ 2 which is assigned a 
value of ‘1’ 
Absence of impairment/limitation = subscale score ≥ 3 which is assigned a 
value of ‘0’ 
Contrast was set as ‘First’ 
Percentage correct 66.5% 
Omnibus tests of model coefficient: F2 = 28.41, df = 4, p < 0.001 
Hosmer and Lemeshow test: F2 = 1.284, df = 4, p = 0.864 
Model summary: -2 log likelihood = 248.848, Cox & Snell R2 = 0.132, Nagelkerke R2 = 
0.177 
 
 
5.6.3 Evaluating the predictive measure of all significant factors 
 
The analysis presented below explored whether other factors add to the predictive 
measure.  As a pre-requisite to generating the logistic regression, collinearity 
diagnostics were performed on certain factors.  Presence of multicollinearity amongst 
independent variables would not contribute to a “good regression model” (Pallant, 
2011, p. 151).  In considering factors that can be included into the logistic regression 
analysis, significant variables from the bivariate analysis that seemed to be similar 
were tested for presence of multicollinearity.  These factors were: Braden mobility 
subscale, needs help in turning in bed and get-up-and-go test, mobility subscale, 2-
hourly turning and turning chart, and use of diapers on admission and during 
hospitalisation.  
 
Factors considered similar were entered into the logistic regression concurrently, 
while the dependent variable “pressure injury” remained unchanged.  For the 
collinearity diagnostics, standard error (S.E.) of more than 2.0 was deemed to signify 
high correlation.  The results obtained were: “needs help in turning in bed” (S.E. = 
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0.358) and the Braden mobility subscale at cut-off score of ≤ 2 (very limited mobility 
or less) (S.E. = 0.397); “Get-up-and-go test” (S.E. ranging from 0.569 to 1.504) and 
Braden mobility subscale at cut-off score of ≤ 2 (S.E. = 0.372); “needs help in 
turning” (S.E. = 0.356) and get-up-and-go test (S.E. ranging from 0.582 to 1.505); 
and “use of diapers on admission” (S.E. range from 0.445 to 0.838) and “use of 
diaper during hospitalisation” (S.E. = 0.311).  Standard error was less than 2.0 in all 
examined pairs, indicating no correlation for Braden mobility subscale at cut-off 
score ≤ 2, “needs help in turning”, get-up-and-go test, “use of diaper on admission”, 
and “use of diaper during hospitalisation”.  Therefore, all factors tested were free 
from multicollinearity and were entered into the regression.  Table 5.14 presents the 
factors for inclusion in the logistic regression. 
 
 
Table 5.14 Significant risk factors included in backward logistic regression 
Category Significant Independent Variable 
Demographics Discipline 
Type of admission 
Co-morbidity Anaemia 
Patient intrinsic factors Level of consciousness 
Need help in turning in bed 
Get-up-and-go test 
Extrinsic factors Use of diapers on admission 
Use of diapers during hospitalisation 
Urinary incontinence 
Medications Vasopressors 
Sedation 
Braden subscales Sensory subscale model (cut-off score ≤ 2) 
Activity subscale model (cut-off score ≤ 2) 
Nutrition subscale model (cut-off score ≤ 2) 
Mobility subscale model (cut-off score ≤ 2) 
 
 
Preventive interventions were not included, as rather than being contributing factors, 
they are intended to reduce pressure injury. 
 
Logistic regression analysis using SPSS version 19.0 was performed on the factors 
listed in Table 5.14.  These factors were entered concurrently as covariates and the 
reference category was set as “First”.  Subsequently, backward regression was 
performed by removing, one at a time, predictors that presented the highest non-
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significant value until all remaining predictors were significant (Larsen, 2008).  
Table 5.15 summarises the predictors that were sequentially removed. 
 
 
Table 5.15  Backward regression – sequence of removal of non-
significant predictors 
Sequence of 
removal Non-significant Predictors p value 
1st Get-up-and-go test on admission (4 
categories)  
0.845 
0.557 
0.563 
0.271 
2nd Level of consciousness  on admission (4 
categories) 
0.772 
0.531 
0.893 
0.344 
3rd Use of diaper during hospitalisation 0.917 
4th Prescribed sedation medications during 
hospitalisation 
0.692 
5th Presence of urinary incontinence 0.640 
6th Braden sensory subscale Model 2 0.586 
7th Need help in turning in bed on admission 0.514 
 8th Braden activity subscale Model 2 0.527 
9th Use of diaper or absorbent pad on 
admission 
0.108 
10th Braden nutrition subscale Model 2 0.110 
11th Type of admission (3 categories) 0.150 
0.355 
0.075 
 
 
The predictors that remained significant following the backward logistic regression 
analysis were medication – vasopressor, Braden mobility subscale model at cut-off 
score of ≤ 2 (very limited mobility), co-morbidity − anaemia, and discipline − 
orthopaedic (see Table 5.16).  
 
The model containing all four predictors was statistically significant; χ2 (5, N = 200) 
= 67.805, p < 0.001.  The Hosmer-Lemeshow goodness-of-fit test was not significant 
(p = 0.961), thus supporting the model.  As a whole, the model explained 28.8% 
(Cox and Snell R2) to 38.3% (Nagelkerke R2) of the variance in the incidence of 
pressure injury and correctly classified 74.5% of the cases.  The medication, 
vasopressor, made the greatest unique statistically significant contribution (p < 
0.001) to the model, with an odds ratio of 9.061 (95% CI [3.166, 25.937]).  
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The Braden mobility subscale Model 2 was a statistically significant predictor (p < 
0.001) contributing to the model with an odds ratio of 5.941 (95% CI [2.861, 
12.573]).  Notably, the Braden mobility subscale reported the highest Wald test 
score, demonstrating that this factor is of greatest importance to the model.  Anaemia 
was the third unique significant predictor (p = 0.002), contributing to the model with 
an odds ratio of 5.215 (95% CI [1.830, 14.863]).  Medical and orthopaedic patient 
classifications were the final predictors that made a unique significant contribution to 
the model (p = 0.004 and p = 0.002, respectively).  Being an orthopaedic patient had 
an odds ratio of 3.493 (95% CI [1.574, 7.750]), indicating that such individuals are 
nearly 3.5 times more likely to acquire pressure injury than those classified as a 
“medical” patient.  Classification as a general surgical patient did not contribute 
significantly to the model.  
 
 
Table 5.16  Final table of significant predictors following backward logistic regression 
Significant Independent 
Predictor Beta S.E. Wald df Sig. 
Odds 
ratio 
95% CI 
Lower Upper 
Discipline Medical   10.977 2 .004    
Discipline Orthopaedics (1) 1.251 .407 9.464 1 .002 3.493 1.574 7.750 
Discipline Surgical (2) -.210 .478 .194 1 .660 .810 .318 2.067 
Anaemia (1) 1.652 .534 9.554 1 .002 5.215 1.830 14.863 
Vasopressor (1) 2.204 .537 16.873 1 .000 9.061 3.166 25.937 
Braden mobility subscale 
Model 2 (1) 
1.782 .381 21.876 1 .000 5.941 2.816 12.537 
Constant -1.361 .280 23.590 1 .000 .256   
Note: S.E. – Standard Error, df – degree of freedom, Sig. - Significance, CI – Confidence 
Interval 
Model 2:  
Presence of impairment = subscale score ≤ 2 and assigned a value of ‘1’ 
Absence of impairment = subscale score ≥ 3 and assigned a value of ‘0’ 
Contrast was set as ‘First’ 
Percentage correct 74.5% 
Omnibus tests of model coefficient: F2 = 67.805, df = 5, p < 0.001 
Hosmer and Lemeshow test: F2 = 1.479, df = 6, p = 0.961 
Model summary: -2 log likelihood = 209.454, Cox & Snell R2 = 0.288, Nagelkerke R2 = 0.383 
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5.7 Summary of results 
 
This is the first of two chapters that report the results of this study.  This chapter has 
addressed the gap in the literature identified from the systematic review on whether 
the Braden mobility subscale is comparable to the Braden scale in predicting 
pressure injury.  The results reported here suggest that the Braden mobility subscale 
appears to have similar performance as the Braden scale in predicting pressure injury 
within the limitations of the study design.  Moreover, the Braden mobility subscale 
was the only subscale that was predictive of pressure injury compared to other 
Braden subscales.  In addition to the Braden mobility subscale, vasopressors, having 
a comorbidity of anaemia, and having an orthopaedic-related condition were 
significant predictors of pressure injury.  The next chapter presents the result of the 
analysis undertaken to determine the predictive measure of the Braden mobility 
subscale on preventive interventions, compared to the Braden scale.  Moreover, an 
alignment between the assessments of Braden scale and Braden mobility subscale to 
the preventive interventions is also explored and its impact on those with and without 
pressure injury evaluated. 
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Chapter 6   
Results:  Braden Mobility Subscale: Prediction and 
Alignment to Preventive Interventions 
 
 
In the clinical setting, the reason for performing pressure injury risk assessment is to 
determine the patient’s risk level so that appropriate decisions pertaining to potential 
preventive interventions can be made in a timely manner.  In the previous chapter, 
the predictive measure of the Braden mobility subscale was compared to the Braden 
scale.  Prediction of pressure injury is only one part of the decision-making process.  
Thus, if the Braden mobility subscale is to be considered as an alternative assessment 
tool, it needs to be able to function in a similar manner to the Braden scale, i.e., it 
must serve as a guide for nurses on when to initiate the appropriate preventive 
interventions.  Given the need to make this assessment tool applicable in clinical 
practice, the next phase of the analysis focused on ascertaining the extent to which 
the Braden mobility subscale predicts the need for preventive interventions in 
comparison to the Braden scale.  As this research was not specifically designed to 
test this relationship, a snapshot of how the assessment is linked to the preventive 
interventions and the consequential impact on pressure injury is examined in this 
chapter.  
 
 
The results of two main analyses are reported here. The first relates to evaluation of 
the effect of exposure to the Braden mobility subscale and the Braden scale on 
instigating preventive interventions.  As the study design (case-control) is not 
engineered to evaluate the outcome of preventive interventions, only the data from 
the 100 patients forming the case group (i.e., those with pressure injury) were used 
for this analysis.  In the second analysis the degree of alignment between the 
assessment and preventive interventions in the groups with and without pressure 
injury were also examined and the results presented.  
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6.1 Description of preventive interventions  
 
 
Association with pressure injury 
  
In order to ascertain the association between the preventive interventions and 
pressure injury, cross-tabulation was performed. The results revealed that the use of 
skincare products was the most frequently employed preventive intervention.  
Moreover, 42% of the patients in the group with pressure injury received skincare 
products, compared to only 23% in the group without pressure injury (see Table 6.1).  
The percentage of individuals with a 2-hourly turning plan or orders was also greater 
in the group with pressure injury (32%), compared to the group without pressure 
injury (10%).  The percentage of patients that had turning charts available in their 
medical records was 29% (n = 29) and 10% (n = 10) in the group with and without 
pressure injury, respectively.  However, the proportion of patients who received the 
preventive interventions was comparatively higher in the group of patients that 
acquired pressure injury.  
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Table 6.1 Association between preventive interventions and pressure injury 
Characteristics of Preventive Interventions Pressure injury n 
(%) 
(n = 100) 
No pressure injury n 
(%) 
(n = 100) 
p 
Use of skincare products 
Cavilon barrier cream 
Allevyn foam 
Others 
42 (42.0)  
11 (11.0) 
3 (3.0) 
28 (28.0) 
23 (23.0)  
        5 (5.0) 
0 (0.0) 
18 (18.0) 
0.007y* 
2-hourly turning planned / ordered 32 (32.0) 10 (10.0) <0.001y* 
Turning chart available: 29 (29.0) 9 (9.0) 0.001y* 
Analysis of turning chart over 4-day 
period: proportion of episodes that met 2-
hourly turning frequencies 
   
Day-1 
Yes 
No 
No turning chart 
 
4 (25) 
12 (75) 
13 
 
1 (12.5) 
7 (87.5) 
1 
0.236p 
Day-2 
Yes 
No 
No turning chart 
 
6 (31.6) 
13 (68.4) 
10 
 
1 (14.3) 
6 (85.7) 
2 
0.071p 
Day-3 
Yes 
No 
No turning chart 
 
8 (40) 
12 (60) 
9 
 
0 
8 (100) 
1 
0.148p 
Day-4 
Yes 
No 
No turning chart 
 
12 (44.4) 
15 (55.6) 
2 
 
0 
7 (100) 
2 
0.152p 
Pressure-relieving mattress 
Autologic 200 / Nimbus 
Autologic 110 / Alpha X-cel 
Patient’s own pressure-relieving mattress  
No (patient / relative refused) 
No (include not on pressure-relieving 
mattress prior to pressure injury) 
 
7 (7.0) 
8 (8.0) 
0 (0.0) 
 
0 (0.0) 
85 (85.0) 
 
2 (2.0) 
3 (3.0) 
1 (1.0) 
 
2 (2.0) 
92 (92.0) 
0.080p 
Yes 
No 
16 (16.0) 
85 (85.0) 
6 (6.0) 
94 (94.0) 0.063
f 
On heel pad 
Yes 
No 
Not documented 
 
4 (4.0) 
1 (1.0) 
95 (95.0) 
 
1 (1.0) 
0 (0.0) 
99 (99.0) 
0.237y 
Angle of head of bed @ 30 degree or lower 
Yes 
No 
Not documented 
 
4 (4.0) 
6 (6.0) 
90 (90.0) 
 
0 (0.0) 
2 (2.0) 
98 (98.0) 
0.784y 
Use of pillow or foam wedges 
Yes 
No 
Not documented 
 
2 (2.0) 
1 (1.0) 
97 (97.0) 
 
14 (14.0) 
0 (0.0) 
86 (86.0) 
0.382y 
Padding between bony prominences 
Yes 
No 
Not documented 
 
1 (1.0) 
1 (1.0) 
98 (98.0) 
 
0 (0.0) 
0 (0.0) 
100 (100.0) 
- 
Heels off bed / float 
Yes 
No 
Not documented 
 
0 (0.0) 
1 (1.0) 
99 (99.0) 
 
0 (0.0) 
0 (0.0) 
100 (100.0) 
- 
p Pearson’s chi square test                     
y Yates Continuity Correction chi square test 
* Significant at p ≤ 0.05 
Note: 
x Not documented is taken as missing value when generating the p-value 
x Deriving the 2-hourly turning frequency: Timeliness of 2-hourly turning was derived from computing 
the difference between the current turning time and the preceding turning time.  Difference of two 
hours of less would be considered timely, any other difference in timing exceeding 2 hours would be 
classified not timely.  The number of times in a day where the difference in turning times exceeds 2 
hours was entered in SPSS.  The variable referring to the number of times 2-hourly turning exceeds 
2 hours was cross-tabulated with pressure injury.  The 2-hourly turning schedule was considered 
met for the day when the cross-tabulation generated a ‘0’ value. 
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The provision of a pressure-relieving mattress was not found to be significantly 
associated with pressure injury (p = 0.080) (see Table 6.1), however only 20 (10%) 
pressure-relieving mattresses were initiated; 15 patients in the group with pressure 
injury (15%) and 5 in the group without pressure injury (5%) received this 
intervention. 
 
For patients with turning charts, the recorded times were analysed for timeliness of 
turnings.  In the pressure injury group, records of timing of turning captured in the 
four days prior to the pressure injury were analysed.  In the group without pressure 
injury, the records of timing of turning captured in the first four days following 
admission were analysed.  In the pressure injury group, only 25% of the patients 
received timely 2-hourly turning on day one, which increased to 44.4% receiving 
timely 2-hourly turning on day three (see Table 6.1).  In the non-pressure injury 
group timeliness of 2-hourly turning was 12.5% on day one, which was gradually 
reduced, resulting in 0% on days three and four.  
 
Detailed analysis pertaining to the majority of the other preventive interventions such 
as usage of heel pads, positioning the head of bed at 30 degrees or lower, use of 
pillow or foam wedges, placing padding between bony prominences, and placing 
patient’s heels off the bed,  could not be undertaken because of lack of 
documentation.   
 
Bivariate analyses were undertaken to test for significance in the relationship 
between preventive interventions and pressure injury.  Significant results were found 
in three preventive interventions, namely use of skincare products, 2-hourly turning 
plan or orders, and availability of turning chart (see Table 6.1). 
 
 
Prediction of pressure injury 
 
Subsequently, the three significant independent variables (see Table 6.1—use of 
skincare products, turning plan or orders, and availability of turning chart) were 
entered into logistic regression concurrently.  Prior to performing the logistic 
regression analyses, preventive interventions that were similar were tested for 
multicollinearity.  In this test, “2-hourly turning plan or orders” and “availability of 
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turning chart” were entered concurrently as covariates and “pressure injury” was 
entered as the dependent variable.  The S.E. was less than 2.0 for both 2-hourly 
turning plan or orders (0.498) and availability of turning chart (0.525), signifying 
absence of multicollinearity between the two variables.  Thus, both variables were 
entered as separate independent variables in the logistic regression. 
 
The reference category was set as “First”.  Backward regression was performed by 
removing, one at a time, predictors that present the highest non-significant value 
until all remaining predictors were significant.  As availability of turning chart was 
not significant (p = 0.168) in the initial logistic regression, it was removed from the 
model.  The remaining preventive interventions, use of skincare products (p = 0.039), 
and 2-hourly turning plan or orders (p = 0.001), were significant in the final logistic 
regression (see Table 6.2).  The model containing the two variables was statistically 
significant; χ2 (2, N = 200) = 19.503, p < 0.001.  The Hosmer-Lemeshow goodness-
of-fit test was not significant (p = 0.338), indicating that the model is supported.  As 
a whole, the model explained 9.3% (Cox and Snell R2) to 12.4% (Nagelkerke R2) of 
the variance in the incidence of pressure injury and correctly classified 65% of the 
cases.  In this analysis, 2-hourly turning plan or orders made the greatest unique 
contribution, indicating that a patient receiving this intervention was 3.621 (95% CI 
[1.637, 8.010] p = 0.001) times more likely to develop pressure injury.  
 
 
Table 6.2 Backward logistic regression: Predicting likelihood of pressure injury 
with preventive interventions 
Preventive 
Interventions Beta S.E. Wald df Sig. 
Odds 
ratio 
95% CI Odds 
ratio 
Lower Upper 
Skincare product (1) .674 .326 4.268 1 .039 1.962 1.035 3.720 
2-hourly turning plan 
or orders (1) 1.287 .405 10.093 1 .001 3.621 1.637 8.010 
Constant -.463 .185 6.244 1 .012 .629     
Note: S.E. – Standard Error, df – degree of freedom, Sig. - Significance, CI – 
Confidence Interval 
Contrast was set as ‘First’ 
Percentage correct 65% 
Omnibus tests of model coefficients: F2 = 19.503, df = 2, p < 0.001 
Hosmer and Lemeshow test: F2 = 2.167, df = 2, p = 0.338 
Model summary: -2 log likelihood = 257.756, Cox & Snell R2 = 0.093, Nagelkerke R2 = 
0.124 
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6.2 Braden mobility subscale as a predictor of preventive 
interventions 
 
Here, the results of analyses undertaken to explore the effect of exposure to the 
Braden mobility subscale on various preventive interventions are presented, with 
comparisons made with the Braden scale.  First, preventive interventions that were 
found to be significant for the Braden scale were entered into logistic regression, 
using the ordinal scale of the assessment.  Subsequently, the risk levels were 
collapsed at various cut-off risk levels evaluated against the preventive interventions.  
The same process was followed for the Braden mobility subscale.  The intent of this 
analysis was to elicit the threshold of the level of mobility impairment that best 
predicts initiation of preventive interventions in comparison to the Braden scale 
preferentially at the recommended risk level for initiating preventive interventions. 
 
6.2.1 Pressure-relieving mattress 
 
In order to establish the performance of the assessments that contributed to the 
introduction of pressure-relieving mattress, comparisons were initially made between 
the Braden scale and the Braden mobility subscale, using the original assessment of 
risk/immobility levels. Secondly, comparisons were made between the Braden scale 
and Braden mobility subscale at the recommended cut-off score for the Braden scale, 
and various cut-off scores for the Braden mobility subscale.  Direct logistic 
regression was performed for each, beginning with analysis that assessed the effect 
of the Braden scale risk levels in predicting the likelihood of initiating pressure-
relieving mattress.  The model was statistically significant, at F2 (4, 100) = 12.231, p 
= 0.016, indicating that it was able to distinguish between patients that had pressure-
relieving mattress and those that did not.  The model as a whole explained 11.5% to 
20.2% of the variance in initiating pressure-relieving mattress.  Braden scale risk 
levels “no risk” and “very high risk” were found to be significant predictors for 
initiating pressure-relieving mattress (see Table 6.3).  Braden scale risk level of 
“very high risk” made the greatest statistically unique significant contribution and 
was 39 (95% CI [3.262, 466.253] p = 0.004) times more likely to lead to initiating a 
pressure-relieving mattress.  
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Table 6.3  Logistic regression: Predicting likelihood of initiating pressure-relieving 
mattress using the Braden scale 
Braden scale Beta S.E. Wald df Sig. Odds ratio 
95% CI for Odds 
ratio 
Lower Upper 
No risk     10.327 4 .035       
Low risk (1) .619 .917 .456 1 .500 1.857 .308 11.202 
Medium risk (2) 1.361 .838 2.636 1 .104 3.900 .754 20.162 
High risk (3) 1.584 .853 3.449 1 .063 4.875 .916 25.943 
Very high risk (4) 3.664 1.266 8.375 1 .004 39.000 3.262 466.253 
Constant -2.565 .519 24.436 1 .000 .077     
Note: S.E. – Standard Error, df – degree of freedom, Sig. - Significance, CI – 
Confidence Interval 
Contrast was set as ‘First’ 
Percentage correct 87.0% 
Omnibus tests of model coefficient: (2 = 12.231, df = 4, p = 0.016 
Model summary: -2 log likelihood = 72.331, Cox & Snell R2 = 0.115, Nagelkerke R2 = 
0.202 
 
 
Direct logistic regression was subsequently performed for the Braden mobility 
subscale as the independent variable and pressure-relieving mattress as the dependent 
variable.  The model was statistically significant, F2 (3, 200) = 5.558, p = 0.036 (see 
Table 6.4), indicating that it was able to distinguish those who received pressure-
relieving mattress from those who did not.  The variance explaining the initiation of 
pressure-relieving mattress was 8.2% to 14.4%.  However, none of the individual 
immobility levels was found to have made a statistically significant contribution to 
the initiation of pressure-relieving mattress. 
 
 
Table 6.4 Logistic regression: Predicting likelihood of initiating pressure-
relieving mattress using Braden mobility subscale 
Braden mobility 
subscale B S.E. Wald df Sig. 
Odds 
ratio 
95% CI for Odds 
ratio 
Lower Upper 
No limitation     7.258 3 .064       
Slightly limited (1) -.125 1.263 .010 1 .921 .882 .074 10.496 
Very limited (2) 1.420 1.107 1.645 1 .200 4.138 .472 36.252 
Immobile (3) 2.148 1.208 3.163 1 .075 8.571 .803 91.495 
Constant -2.708 1.033 6.875 1 .009 .067     
Note: S.E. – Standard Error, df – degree of freedom, Sig. - Significance, CI – 
Confidence Interval 
Contrast was set as ‘First’ 
Percentage correct 85.0% 
Omnibus tests of model coefficient: F2 = 8.558, df = 3, p = 0.036 
Model summary: -2 log likelihood = 75.984, Cox & Snell R2 = 0.082, Nagelkerke R2 = 
0.144 
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In order to enable future consideration of clinical utility of an algorithm for initiating 
pressure-relieving mattress, the Braden scale was dichotomised at the cut-off level of 
“high risk” in accordance with the hospital’s guidelines for initiating pressure-
relieving mattress usage.  The variance for the Braden scale at the recommended risk 
level of “high risk” and “very high risk” was 6.7% to 11.7% (see Table 6.5).  Various 
cut-off scores within the Braden mobility subscale were explored to determine the 
optimal value that best predicts the initiation of pressure-relieving mattress.  The 
variance explaining the initiation of pressure-relieving mattress was the highest at the 
cut-off score of ≤ 2 (“very limited mobility” and “immobile”) (7.3% to 12.9%) for 
the Braden mobility subscale.  The analysis also indicated that the Braden scale at the 
cut-off risk level of “high risk” (OR = 5.630, 95% CI [1.625, 19.508] p = 0.009) was 
comparable to the Braden mobility subscale at severity level of “very limited 
mobility” (OR = 5.444, 95% CI [1.431, 20.716] p = 0.013) at predicting initiation of 
use of a pressure-relieving mattress.  
 
 
Table 6.5 Logistic regression: Predicting initiation of pressure-relieving 
mattress: Comparison between Braden scale and Braden mobility subscale at 
various cut-off scores 
Models Odds ratio (95% CI) p 
Omnibus 
tests of 
model 
coefficients 
Cox & Snell 
and 
Negelkerke R2 
Braden Scale 
#Cut-off score ≤ 12 
(High risk or higher) 
5.630 
(1.625 to 19.508) 0.006 
6.922 
(p = 0.009) 
 
6.7% to 11.7% 
Braden Mobility Subscale 
Cut-off score ≤ 2 
(Very limited mobility 
or worse) 
5.444 
(1.431 to 20.716) 0.013 
7.618 
(p = 0.006) 7.3% to 12.9% 
Cut-off score = 1 
(Immobile) 
4.052 
(1.018 to 16.125) 0.047 
3.544 
(p = 0.060) 3.5% to 6.1% 
# - Recommended Braden scale cut-off score for initiating pressure-relieving mattress 
 
 
6.2.2 2-hourly turning plan or orders 
 
In the manner reported above, direct logistic regression was performed with the 
Braden scale as the independent variable and 2-hourly turning plan or orders as the 
dependent variable.  The model was statistically significant, F2 (4, 100) = 11.064, p = 
0.026, indicating its capability to distinguish between patients who had 2-hourly 
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turning plan or orders and those who did not.  The model as a whole explained 
10.5% to 14.7% of the variance in planning or ordering of 2-hourly turning.  
However, only the Braden scale “medium risk” and “very high risk” scores were 
found to be significant predictors of planning or ordering of 2-hourly turning (see 
Table 6.6).  Being assessed as having “very high risk” of pressure injury made the 
greatest statistically unique significant contribution and was about 11 (95% CI 
[1.048, 115.510] p = 0.046) times more likely to predict planning or ordering 2-
hourly turning compared to other scores.  It was also noted that the initiation of a 2-
hourly turning plan or orders did not correspond with the increasing Braden scale 
risk levels. 
 
 
Table 6.6 Logistic regression: Predicting likelihood of initiating 2-hourly 
turning plan or orders using the Braden scale 
   Braden scale Beta S.E. Wald df Sig. 
Odds 
ratio 
95% CI for Odds 
ratio 
Lower Upper 
No risk   10.080 4 .039    
Low risk (1) .511 .630 .657 1 .418 1.667 .485 5.730 
Medium risk (2) 1.769 .657 7.262 1 .007 5.867 1.620 21.245 
High risk (3) .740 .706 1.097 1 .295 2.095 .525 8.365 
Very high risk (4) 2.398 1.200 3.995 1 .046 11.000 1.048 115.510 
Constant -1.299 .326 15.917 1 .000 .273   
Note: S.E. – Standard Error, df – degree of freedom, Sig. - Significance, CI – 
Confidence Interval 
Contrast was set as ‘First’ 
Percentage correct 73.0% 
Omnibus tests of model coefficient: F2 = 11.064, df = 4, p = 0.026 
Model summary: -2 log likelihood = 114.310, Cox & Snell R2 = 0.105, Nagelkerke R2 
= 0.147 
 
 
 
Similarly, direct logistic regression was performed to assess the effect of the Braden 
mobility subscale in predicting the likelihood of 2-hourly turning plan or orders.  The 
model was not statistically significant, F2 (3, 100) = 3.151, p = 0.369 (see Table 6.7).  
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Table 6.7 Logistic regression: Predicting likelihood of initiating 2-hourly 
turning plan or orders using Braden mobility subscale 
Braden mobility 
subscale Beta S.E. Wald df Sig. 
Odds 
ratio 
95% CI for Odds 
ratio 
Lower Upper 
No limitation  2.981 3 .395   
Slightly limited (1) .511 .741 .476 1 .490 1.667 .390 7.118 
Very limited (2) .970 .725 1.791 1 .181 2.638 .637 10.916 
Immobile (3) 1.284 .881 2.122 1 .145 3.611 .642 20.320 
Constant -1.466 .641 5.241 1 .022 .231   
Note: S.E. – Standard Error, df – degree of freedom, Sig. - Significance, CI – 
Confidence Interval 
Contrast was set as ‘First’ 
Percentage correct 68% 
Omnibus tests of model coefficient: F2 = 3.151, df = 3, p = 0.369 
Model summary: -2 log likelihood = 122.223, Cox & Snell R2 = 0.031, Nagelkerke 
R2 = 0.043 
 
 
Using the dichotomised data at various cut-off scores, direct logistic regression was 
performed to ascertain the effect of exposure to the Braden scale on the likelihood of 
2-hourly turning plan or orders,.  The model, at the recommended Braden scale cut-
off score of  ≤ 16 (“low risk”), was statistically significant, F2 (4, 100) = 6.548, p = 
0.010, indicating that the Braden scale does distinguish between individuals who had 
2-hourly turning plan or orders and those who did not (see Table 6.8).  The model as 
a whole explained 6.3% to 8.9% of the variance.  Two other models were tested at 
cut-off scores of ≤ 14 and ≤ 12 to evaluate the predictive measure of other Braden 
scale risk levels.  These alternatives also indicated that the variance explaining 2-
hourly turning plans or orders at cut-off scores of ≤ 14 and ≤ 12 was statistically 
significant.  However, the variance corresponding to “medium risk” level (Braden 
score cut-off score of ≤ 14) was higher than that obtained at the recommended cut-
off score of ≤ 16.  Analysis using direct logistic regression of the Braden mobility 
subscale revealed no statistically significant models at any of the cut-off scores (see 
Table 6.8).  Thus, these results suggest that the Braden scale out-performs the 
mobility subscale for planning or ordering 2-hourly turning, especially at the Braden 
scale cut-off risk level of “medium risk”.  
 
 
 
 113 
 
Table 6.8  Direct logistic regression for predicting 2-hourly turning plan/orders: 
Comparison between Braden scale and Braden mobility subscale at various 
cut-off scores 
Models Odds ratio 
(95% CI) 
p Omnibus 
tests of 
model 
coefficients 
Cox & Snell, 
and 
Nagelkerke 
R2 
Braden Scale 
#Model 1  
Cut-off score ≤ 16 
(Low risk or higher) 
 
3.065 
(1.278 to 7.304) 
 
0.012 
 
6.548 
(p = 0.010) 
 
6.3% to 8.9% 
Model 2  
Cut-off score ≤ 14 
(Medium risk or higher) 
 
3.733 
(1.487 to 9.372) 
 
0.005 
 
7.997 
(p = 0.005) 
 
7.7% to 
10.8% 
Model 3 
Cut-off score ≤ 12 
(High risk or higher) 
 
2.100 
(0.688 to 6.414) 
 
0.009 
 
1.661 
(p = 0.198) 
 
1.6% to 2.3% 
Braden Mobility Subscale 
Model 1  
Cut-off score ≤ 3 
(Slightly limited mobility 
or worse) 
 
2.285 
(0.602 to 8.670) 
 
0.225 
 
1.664 
(p = 0.197) 
 
1.7% to 2.3% 
Model 2  
Cut-off score ≤ 2 
(Very limited mobility or 
worse) 
 
1.966 
(0.837 to 4.615) 
 
0.121 
 
2.448 
(p = 0.118) 
 
2.4% to 3.4% 
Model 3 
Cut-off score = 1 
(Immobile) 
 
1.914 
(0.537 to 6.814) 
 
0.317 
 
0.978 
(0.323) 
 
1.0% to 1.4% 
Note: CI = Confidence Interval 
          # - Recommended Braden scale cut-off score for initiating 2-hourly turning plan   
               or orders 
 
 
6.2.3 Turning chart 
 
To evaluate the effect of the Braden scale assessment on the likelihood of initiating a 
turning chart, similar regression analysis, using the individual risk level, was 
performed.  The model was statistically significant, F2 (4, 100) = 10.761, p = 0.029 
and, as a whole, explained 10.2% to 14.6% of the variance in the initiation of turning 
chart.  However, none of the Braden scale risk levels made a statistically unique 
significant contribution to the model (see Table 6.9). 
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Table 6.9 Logistic regression: Predicting likelihood of availability of hourly 
turning chart using the Braden scale 
Braden scale B S.E. Wald df Sig. 
Odds 
ratio 
95% CI for odds 
ratio 
Lower Upper 
No risk  10.276 4 .036   
Low risk (1) -.405 1.394 .085 1 .771 .667 .043 10.253 
Medium risk (2) 1.569 1.288 1.484 1 .223 4.800 .385 59.895 
High risk (3) .847 1.260 .452 1 .501 2.333 .197 27.567 
Very high risk (4) -.310 1.203 .067 1 .796 .733 .069 7.745 
Constant -1.099 1.155 .905 1 .341 .333   
Note: S.E. – Standard Error, df – degree of freedom, Sig. - Significance, CI – 
Confidence Interval 
Contrast was set as ‘First’ 
Percentage correct 74.0% 
Omnibus tests of model coefficient: F2 = 10.761, df = 4, p = 0.029 
Model summary: -2 log likelihood = 109.669, Cox & Snell R2 = 0.102, Nagelkerke 
R2 = 0.146 
 
 
Analysis on the Braden mobility subscale found that the model was not statistically 
significant, F2 (3, 200) = 5.803, p = 0.122 (see Table 6.10).  
 
 
Table 6.10 Logistic regression: Predicting likelihood for initiating turning 
chart using Braden mobility subscale 
Braden mobility 
subscale B S.E. Wald df Sig. 
Odds 
ratio 
95% C.I. for 
Odds ratio 
Lower Upper 
No limitation   5.668 3 .129    
Slightly limited (1) .214 .756 .080 1 .777 1.238 .282 5.444 
Very limited (2) 1.194 .721 2.741 1 .098 3.302 .803 13.575 
Immobile (3) -.038 1.011 .001 1 .970 .963 .133 6.980 
Constant -1.466 .641 5.241 1 .022 .231   
Note: S.E. – Standard Error, df – degree of freedom, Sig. - Significance, CI – 
Confidence Interval 
Contrast was set as ‘First’ 
Percentage correct 71.0% 
Omnibus tests of model coefficient: (2 = 5.803, df = 3, p = 0.122 
Model summary: -2 log likelihood = 114.628, Cox & Snell R2 = 0.056, Nagelkerke 
R2 = 0.081 
 
 
 
The recommendation for instituting a turning chart at the study hospital is made 
when the patient is identified using the Braden scale as having “low risk” or higher 
for developing a pressure injury.  Thus, in the same manner as reported previously, 
the Braden scale risk level was collapsed into two groups —“at risk” (score of ≤ 16) 
and “no risk” (score of ≥ 17).  Direct logistic regression was performed to assess the 
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effect of exposure to the Braden scale on the likelihood of instituting a turning chart.  
The model was statistically significant, F2 (4, 100) = 5.410, p = 0.020, and was able, 
as a whole, to explain 5.3% to 7.5% of the variance in the initiation of turning chart 
(see Table 6.11).  Two other models were tested at cut-off scores of ≤ 14 and ≤ 12 to 
evaluate the predictive measure of other Braden scale risk levels.  However, direct 
logistic regression analysis at other Braden scale cut-off scores was not found to be 
significant.  For the Braden mobility subscale, none of the cut-off scores was found 
to be statistically significant when analysis using the direct logistic regression was 
undertaken.  The results indicate that the model based on the Braden scale at the 
original recommended cut-off score was the only one predictive of instituting the 
turning chart. 
 
 
Table 6.11 Logistic regression: Predicting likelihood of initiation of turning chart: 
Comparison between Braden scale and Braden mobility subscale at various cut-
off scores 
Models Odds ratio (95% CI) p 
Omnibus 
tests of 
model 
coefficients 
Cox & Snell, 
and 
Nagelkerke 
R2 
Braden Scale 
#Model 1  
Cut-off score ≤ 16 
(Low risk or higher) 
 
5.832 
(1.161 to 6.911) 
 
0.022 
 
5.410 
(p = 0.020) 
 
5.3% to 
7.5% 
Model 2  
Cut-off score ≤ 14 
(Moderate risk or higher) 
 
1.941 
(0.769 to 4.906) 
 
0.161 
 
1.934 
(p = 0.164) 
 
1.9% to 2.7% 
Model 3 
Cut-off score ≤ 12 
(High risk or higher) 
 
0.567 
(0.148 to 2.181) 
 
0.620 
 
0.738 
(p = 0.390) 
 
0.7% to 1.1% 
Braden Mobility Subscale 
Model 1  
Cut-off score ≤ 3 
(Slightly limited mobility 
or worse) 
 
1.943 
(0.510 to 7.403) 
 
0.331 
 
1.043 
(p = 0.307) 
 
1.0% to 1.5% 
Model 2  
Cut-off score ≤ 2 
(Very limited mobility or 
worse) 
 
2.236 
(0.922 to 5.422) 
 
0.075 
 
3.258 
(p = 0.071) 
 
3.2% to 4.6% 
Model 3 
Cut-off score = 1 
(Immobile) 
 
0.510 
(0.103 to 2.521) 
 
0.409 
 
0.762 
(p = 0.383) 
 
0.8% to 1.1% 
Note: CI = Confidence Interval 
         # - Recommended Braden scale cut-off score for initiating turning chart 
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In this section, the initiation of pressure-relieving mattress, 2-hourly turning plan or 
orders, and availability of turning chart were found to be significantly associated 
with the Braden scale.  On the other hand, the usage of Braden mobility subscale was 
associated only with the initiation of pressure-relieving mattress.  Moreover, this 
subscale (at the immobility level of “very limited mobility”) was comparable to the 
Braden scale (at the recommended cut-off risk level) in predicting the likelihood of 
initiation of pressure-relieving mattress.  However, the analyses revealed that the 
Braden mobility subscale is not a significant predictor of turning (repositioning).  A 
summary of the key results from this section has been tabulated (see Appendix I). 
 
 
6.3 Alignment of risk assessments (Braden mobility subscale 
and Braden scale), preventive interventions and pressure 
injury 
  
Alignment between assessments 
 
Alignment between the assessments based on the Braden mobility subscale and 
Braden scale was explored next.  Given that the Braden scale has five levels and 
Braden mobility subscale has four, the medium and low risks in the former 
assessment tool were collapsed to facilitate analysis.  Thus, the Braden scale risk 
levels were cross-tabulated with the Braden mobility subscale immobility levels to 
examine the alignment between the full scale and the subscale (see Table 6.12).  In 
the pressure injury group, highest alignment of equivalent assessments was found for 
Braden scale “very high risk” and Braden mobility subscale “immobile” rating (n = 
3.75%), whereas the lowest alignment was achieved between “medium and low risk” 
and “slightly limited” (n = 6.21%) and “medium and low risk” and “very limited” (n 
= 21.72%).  In the control group, 100% alignment was observed for Braden scale 
“very high risk” and “high risk”, and Braden mobility subscale “immobile” and 
“very limited” ratings.  However, these results were based on one patient each.  The 
highest misalignment was observed for Braden scale “medium and low risk” and 
Braden mobility subscale of “very limited” (n = 10.59%). 
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Table 6.12 Alignment between Braden scale risk level and Braden mobility subscale 
severity of mobility 
Braden Scale Risk 
Level 
Braden Mobility Subscale 
Total Immobile 
(1) 
Very 
limited (2) 
Slightly 
limited (3) 
No 
limitation (4) 
Pressure Injury      
Very high risk ( ≤ 9) 3 (75%) 1 (25%) 0 0 4 
High risk (10 – 12) 6 (54.5%) 5 (45.5%) 0 0 11 
Medium & low risk 2 (7%) 21 (72%) 6 (21%) 0 29 
    Medium risk (13 – 14) 2 10 1 0 13 
    Low risk (15 – 16) 0 11 5 0 16 
No risk (≥ 17) 0 10 (17.9%) 30 (53.6%) 16 (28.6%) 56 
Total 11 37 36 16 100 
No Pressure Injury      
Very high risk (≤ 9) 1 (100%) 0 0 0 1 
High risk (10 – 12) 0 1 (100%) 0 0 1 
Medium & low risk 1 (6%) 10 (59%) 6 (35%) 0 17 
    Medium risk (13 - 14) 1 7 0 0 8 
    Low risk (15 - 16) 0 3 6 0 9 
No risk (≥ 17) 0 2 (2.5%) 44 (54%) 35 (43%) 81 
Total 2 13 50 35 100 
p < 0.001 
Blue font: Both assessments are aligned 
Red font: Assessment of mobility impairment indicates higher severity than that indicated 
by Braden scale score 
Green font: Mobility impairment assessed as less severe than that indicated by Braden 
scale 
 
 
 
Alignment of suitable preventive interventions (pressure-relieving mattress, 2-hourly 
turning plan or orders, turning chart, and use of skincare products) with risk 
assessments was analysed next.  The purpose of the analysis was to obtain an 
overview of preventive interventions prescribed to the patients in the pressure injury 
group and non-pressure injury group in relation to their respective risk assessments. 
 
 
Alignment in the Pressure injury group 
 
In the pressure injury group, the highest proportion of preventive interventions 
received by the patients scored as “very high risk” on the Braden scale consisted of 
pressure-relieving mattress and 2-hourly turning plan or orders (75%) (see Table 
6.13).  However, turning plans or orders were only translated into actual turning in 
25% of the cases.  Among patients deemed to be at “high risk” of developing 
pressure injury, the highest proportion (about 50%) received a preventive 
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intervention consisting of use of skincare product.  In this group, turning plan or 
orders were initiated for 36% of the patients, which resulted in actual turning in 
about 18% cases.  Pressure-relieving mattress, a measure that should be 
recommended at this “high risk” level, was initiated in only a quarter of cases.  When 
assessed as “medium risk”, patients received turning plan or orders as well as actual 
turning in substantially higher number of cases (61.5%) compared to other 
preventive interventions at this risk level.  At the “low risk” level, availability of 
turning chart (43.8%) and use of skincare product (50%) were the most frequently 
recommended interventions.  Notably, even though 56% of the patients in this group 
were assessed as “no risk”, they subsequently developed pressure injury.  
Consequently, as based on the initial assessment the patients were unlikely to 
develop pressure injury, they received very few preventive interventions other than 
the use of skincare product. 
 
When the Braden mobility subscale was evaluated, the highest proportion of 
“immobile” patients received skincare product as a preventive intervention (54.5%) 
(see Table 6.13).  In this group, the pressure-relieving mattress was initiated in only 
36% of the cases.  In addition, about 50% of the patients had plan or orders for 2-
hourly turning, but the plan was not executed adequately, as less than a fifth had 
turning chart.  In the patients assessed as having “very limited mobility”, the 
pressure-relieving mattress was initiated in only about a fifth of the cases.  The other 
interventions were instigated in about 50% of the cases in this group.  Finally, 
similarly to the above, patients assessed as having “no limitation of mobility” 
received very few preventive interventions, except for the use of skincare products.  
Comparatively, the overall alignment of the preventive interventions to the Braden 
scale was slightly better than to the Braden mobility subscale.  
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Table 6.13 Alignment of preventive interventions to assessments in the pressure 
injury group (n = 100) 
Risk / immobility 
level (patients with 
pressure injury) 
Preventive interventions received according to risk levels 
Pressure-relieving 
mattress 
n (%) 
2-hourly turning 
plan or orders 
n (%) 
Turning 
chart 
n (%) 
Skincare 
product 
n (%) 
Braden Scale 
Very high risk (n = 4) 3 (75) 3 (75) 1 (25) 2 (50) 
High risk (n =11) 3  (27.2) 4 (36.4) 2 (18) 5 (45.5) 
Medium risk (n = 13) 3 (23.1) 8 (61.5) 8 (61.5) 6 (46.2) 
Low risk (n = 16) 2 (12.5) 5 (31.3) 7 (43.8) 8 (50) 
No risk (n = 56) 4 (7) 12 (21.4) 11 (19.6) 21 (37.5) 
Braden mobility subscale 
Immobile (n = 11) 4 (36.4) 5 (45.5) 2 (18.2) 6 (54.5) 
Very limited (n = 37) 8 (21.6) 14 (37.8) 16 (43.2) 17 (46.0) 
Slightly limited (n = 
36) 2 (5.6) 10 (27.8) 8 (22.2) 13 (36.1) 
No limitation (n = 16) 1 (6.3) 3 (18.8) 3 (18.8) 6 (37.5) 
 
 
The trends in the proportion of preventive interventions that was initiated according 
to the overall assessed risk (Braden scale) and immobility (Braden mobility subscale) 
levels have been graphically presented in Figure 6.1 and 6.2.  Figure 6.1 shows a 
steep increase in the initiation of pressure-relieving mattress with the Braden scale 
risk level of “very high risk”, but not for “high risk”.  In addition, even though, there 
appeared to be an increasing trend in the initiation of turning initially, a sharp dip in 
the initiation of turning can be noted at the “high” and “very high risk” levels.  
Figure 6.2 reveals a gradual increase in the initiation of pressure-relieving mattress 
and 2-hourly turning plan or orders with increasing immobility.  A similar trend for 
turning chart was noted, with the exception of patients with the most severe mobility 
impairment, as the proportion of patients in which turning chart was initiated 
declined to just about 20%.  
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Note: The counts for Autologic 110 and 200 pressure-relieving mattresses are combined in 
this graphical representation due to the small numbers 
 
Figure 6.1 Trend of proportion of preventive interventions in relation to the Braden 
scale risk levels 
 
 
  
 
Note: The counts for Autologic 110 and 200 are combined in this graphical representation 
due to the small numbers 
 
Figure 6.2 Trend of proportion of preventive interventions in relation to the Braden 
mobility subscale immobility level 
 
 
To minimise errors arising from the low numbers, the categories corresponding to 
individual risk levels were condensed into dichotomous groups at the recommended 
risk levels (≤ 12 for pressure-relieving mattress, and ≤ 16 for other preventive 
interventions) for initiating preventive interventions (see Table 6.14). The next level 
of risk (≤ 14) for preventive interventions other than pressure-relieving mattress was 
also reported.   
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From Table 6.14, the Braden mobility subscale at the cut-off score of 1 (immobile) 
appeared to be comparable to the recommended Braden scale “high risk” levelin 
initiating deployment of a pressure-relieving mattress. For other preventive 
interventions, the Braden mobility subscale at the cut-off score of ≤ 2 (very limited 
mobility) followed a closer pattern to the recommended Braden scale risk level of ≤ 
16 for the proportion of patients classified as “at risk”, as well as in the number of 
cases in which interventions were initiated. 
 
 
Table 6.14 Alignment between assessments at various cut-off levels and preventive 
interventions in those with pressure injury (n = 100) 
Cut-off score 
(risk/ 
immobility 
level) 
Preventive 
Intervention Cut-off score 
(risk/ 
immobility 
level) 
Preventive Intervention 
Pressure-
relieving 
mattress 
n (%) 
2-hourly 
turning 
plan or 
orders 
n (%) 
Turning 
chart 
n (%) 
Skincare 
product 
n (%) 
Braden scale 
≤ 12 (high risk) 
(n = 15) 6 (40%) 
≤ 16 (Low risk) 
(n = 44) 20 (45.5%) 18 (40.9%) 21 (47.7%) 
≥ 13 (medium 
risk) (n = 85) 9 (10.6%) 
≥ 17 (No risk) (n 
= 56) 12 (21.4%) 11 (19.6%) 21 (37.5%) 
  ≤ 14 (Medium risk) (n = 28) 15 (53.6%) 11 (39.3%) 13 (46.4%) 
  ≥ 15 (low risk) (n = 72) 17 (23.6%) 18 (25.0%) 29 (40.3%) 
Braden mobility subscale 
1 (Immobile)  
(n = 11) 4 (36.4%) 
≤ 2 (Very limited 
mobility) (n = 
48) 
19 (39.6%) 18 (37.5%) 23 (47.9%) 
≥ 2 (Very limited 
mobility) (n = 
89) 
11 (12.4%) 
≥ 3 (Slightly 
limited mobility) 
(n = 52) 
13 (25%) 11 (21.1%) 19 (36.5%) 
≤ 2 (Very limited 
mobility) (n = 
48) 
12 (25%) 
≤ 3 (Slightly 
limited mobility) 
(n = 84) 
29 (34.5%) 26 (31.0%) 36 (42.9%) 
≥ 3 (Slightly 
limited mobility) 
(n = 52) 
3 (5.8%) 4 (No limitation) (n = 16) 3 (18.8%) 3 (18.8%) 6 (37.5%) 
# - Recommended Braden scale cut-off score for initiating preventive interventions 
 
 
 
 
 
 
 
 
 
#
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Alignment in the non-pressure injury group 
 
In the non-pressure injury group, the proportion of patients that received preventive 
interventions based on the Braden scale risk levels was not substantial and was much 
lower than in the pressure injury group (see Table 6.15).   
 
 
Table 6.15 Alignment of preventive interventions to assessments in the non-
pressure injury group (n = 100) 
Risk / immobility 
levels (patients with 
no pressure injury) 
Preventive interventions received according to risk levels 
Pressure-
relieving 
mattress 
n (%) 
2-hourly 
turning plan 
or orders 
n (%) 
Turning 
chart 
n (%) 
Skincare 
product 
n (%) 
Braden scale 
Very high risk (n = 1) 1 (100) 1 (100) 1 (100) 1 (100) 
High risk (n = 1) 0 (0) 0 (0) 0 (0) 0 (0) 
Medium risk (n = 8) 1 (12.5) 3 (37.5) 2 (25) 3 (37.5) 
Low risk (n = 9) 0 (0) 3 (33.3) 3 (33.3) 2 (22.2) 
No risk (n = 87) 4 (4.6) 3 (3.5) 9 (10.3) 17 (19.5) 
Braden mobility subscale 
Immobile (n = 2) 1 (50) 2 (100) 1 (50) 1 (50) 
Very limited (n = 13) 1 (7.7) 3 (23.1) 3 (23.1) 4 (30.8) 
Slightly limited (n =50) 3 (6) 4 (8) 4 (8) 16 (32) 
No limitation (n = 35) 1 (2.9) 1 (2.9) 1 (2.9) 2 (5.7) 
 
 
At the various cut-off levels for both the Braden scale and Braden mobility subscale, 
most of the preventive interventions initiated for patients identified as “at risk” of 
developing pressure injury were aligned to the assessments in up to 40% of the cases 
(see Table 6.16). 
 
 
 
 
 
 
 
 
 
 123 
 
Table 6.16 Alignment between assessments at various cut-off levels and preventive 
interventions in those with no pressure injury (n = 100) 
Cut-off risk/ 
immobility level 
Preventive 
Intervention 
Cut-off risk/ 
immobility 
level 
Preventive Intervention 
Pressure-
relieving 
mattress 
n (%) 
2-hourly 
turning 
plan or 
orders 
n (%) 
Turning 
chart 
n (%) 
Skincare 
product 
n (%) 
Braden scale 
≤ 12 (high risk) (n 
= 2) 1 (50%) 
≤ 16 (Low risk) 
(n = 19) 7 (36.8%) 6 (31.6%) 6 (31.6%) 
≥ 13 (medium 
risk) (n = 98) 5 (5.1%) 
≥ 17 (No risk) (n 
= 81) 3 (3.7%) 3 (3.7%) 17 (21.0%) 
  ≤ 14 (Medium risk) (n = 28) 4 (40.0%) 3 (30.0%) 4 (40.0%) 
  ≥ 15 (low risk) (n = 72) 6 (6.7%) 6 (6.7%) 19 (21.1%) 
Braden mobility subscale 
1 (Immobile)   
(n = 2) 1 (50%) 
≤ 2 (Very limited 
mobility) (n = 
15) 
5 (33.3%) 4 (26.7%) 5 (33.3%) 
≥ 2 (Very limited 
mobility) (n = 98) 5 (5.1%) 
≥ 3 (Slightly 
limited mobility) 
(n = 85) 
5 (5.9%) 5 (5.9%) 18 (21.2%) 
≤ 2 (Very limited 
mobility) (n = 15) 2 (13.3%) 
≤ 3 (Slightly 
limited mobility) 
(n = 65) 
9 (13.9%) 8 (12.3%) 21 (32.3%) 
≥ 3 (Slightly 
limited mobility) 
(n = 85) 
4 (4.7%) 4 (No limitation) (n = 35) 1 (2.9%) 1 (2.9%) 2 (5.7%) 
# - Recommended Braden scale cut-off score for initiating preventive interventions 
 
 
 
Further details of the alignment between the Braden scale and Braden mobility 
subscale and the preventive interventions can be found in Appendix J.  Even though 
further supplemental analyses were undertaken to elucidate reasons for unexpected 
findings, a comprehensive analysis was not undertaken, as it was outside the scope of 
this research.  Nevertheless, detailed information on the possible reasons for the 
unexpected findings are presented in Appendix K. 
 
 
 
 
 
 
 
#
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6.4 Summary of results 
 
In this chapter, the predictive ability and alignment of the Braden mobility subscale 
to the preventive interventions were examined and compared to those of the Braden 
scale.  The analysis results revealed that the Braden mobility subscale is predictive of 
initiation of pressure-relieving mattress only, and this finding is comparable to the 
Braden scale.  Overall, only about 50% of alignment was found between the 
preventive interventions and the assessments at the individual risk or immobility, 
irrespective of the cut-off scores used.  The next chapter reports the discussion of the 
key findings yielded by both the systematic review and the case-control study in 
relation to the evidence reported in the existing literature. 
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Chapter 7   
Discussion 
 
 
The impetus for conducting this research was a clinical problem of hospital-acquired 
pressure injury faced by patients hospitalised in an acute care setting in Singapore.  
The use of a validated risk assessment scale to assess for pressure injury risk has 
been widely accepted and such tools are used extensively in healthcare settings.  
Given that the Braden scale, a pressure injury risk assessment tool, is currently in use 
in the hospital in question, the original objective of this research was to find evidence 
on the optimal frequency of performing the Braden scale assessment as well as 
identify the optimal evidence-based preventive interventions that should be 
implemented at each risk level.   
 
However, the effectiveness of such tools in reducing pressure injury prevalence has 
been called into question, as has the translation of the assessment results into the 
practical initiation of preventive interventions.  Evidence yielded by a randomised 
controlled trial suggests that its impact in reducing pressure injury is comparable to 
clinical judgment.  Therefore, it may be more practical and more expedient not to use 
risk assessment scale, since clinical judgment may be just as good as, and less 
complex than, a risk assessment tool in predicting and assessing the pressure injury.  
However, clinical judgment lacks structure, making it difficult for inexperienced 
nurses, as it requires tacit knowledge, which can only be acquired from experience.  
This, therefore, may lead to inaccuracy and inconsistency in the risk assessment 
based on knowledge alone. 
 
Like all other pressure injury risk assessment tools, the Braden scale is time 
consuming in actual application.  Preliminary review of the pertinent literature 
appears to suggest that immobility is a strong predictor of pressure injury 
development.  In addition, the Braden mobility subscale was found to significantly 
predict endorsement of seven out of ten preventive interventions, suggesting that 
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usage of this subscale has the potential of achieving a greater success, compared to 
any other Braden subscale.  
 
Thus, in order to explore the validity of using Braden mobility subscale as a stand-
alone pressure injury assessment tool, sequential research was undertaken, consisting 
of the two phases reported in this thesis. This chapter explores the findings of the 
case-control study in light of the evidence yielded by the systematic review and 
existing literature. The Knowledge-to-action framework (Graham et al., 2006; Straus 
et al., 2011) underpins this research and was used as a tool for enabling translation of 
evidence into practice. 
 
 
7.1 Braden mobility subscale as a pressure injury risk 
assessment tool 
 
The algorithm for prevention and management of pressure injury depicted in the Pan 
Pacific guidelines is not explicit as to what would constitute pressure injury risk 
(Australian Wound Management Association, 2012).  The recommendations 
provided within are broad, indicating that a comprehensive risk assessment should be 
undertaken, incorporating skin assessment and using a validated risk assessment 
scale (Australian Wound Management Association, 2012).  However, Pancorbo-
Hidalgo and colleagues (2006) concluded that there is no evidence indicating that the 
use of a risk assessment scale reduces pressure injury compared to reliance on 
clinical judgment. Although the authors also suggested that some form of structure is 
still warranted as a guide. 
 
Several authors have suggested immobility as a strong predictor of pressure injury 
(Cox, 2010; Lindgren et al., 2004).  However, only preliminary findings reported in 
extant literature underpin this recommendation.  A systematic review was undertaken 
to comprehensively analyse and synthesise the evidence provided in the literature on 
the impact of mobility on pressure injury.  The findings of the meta-analysis and 
narrative synthesis of 17 studies reported in Chapter 4 supported the view that 
immobility was a significant predictor of pressure injury.  However, there was still 
insufficient evidence on whether the predictive measure of the Braden mobility 
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subscale or its equivalent, was comparable to that of the Braden scale or other 
equivalent risk assessment scales.  
 
This gap in the evidence identified from the systematic review was addressed in the 
next phase of the research in the form of a retrospective case-control study.  The 
results of the analyses performed in this part of the study indicated that the Braden 
mobility subscale may be a better predictor of pressure injury when compared to the 
Braden scale.  More specifically, while the patients assessed on the Braden scale 
were 3.35 times more likely to develop pressure injury when scored as “low risk” to 
‘very high risk” (cut-off score ≤ 16), when the Braden mobility subscale was utilised 
to determine the risk of pressure injury, patients rated as having “very limited 
mobility” to “immobile” (cut-off score ≤ 2) were 5.231 times more likely to develop 
pressure injury.  Furthermore, the Nagelkerke R2 for the Braden scale was 9.5%, 
indicating that this scale was a poor predictor of pressure injury.  In contrast, the 
Braden mobility subscale, with the value of 16.4%, was a modest predictor of 
pressure injury.  The findings from this study, despite the constraints of a single-site 
and the study design, affirm that the Braden mobility subscale alone is equal to or a 
better predictor of pressure injury development compared to the full Braden scale.  
 
 
The systematic review reported in Chapter 4 compared the predictive measures of the 
mobility subscale with the full risk assessment scale performed in two included 
studies (Lindgren et al., 2004; Perneger et al., 2002).  The findings from one of these 
studies indicated that the mobility subscale (OR = 0.50, 95% CI [0.37, 0.67] p < 
0.001) is more predictive of pressure injury compared to the RAPS scale (OR = 0.93, 
95% CI [0.88, 0.98] p = 0.005) (Lindgren et al., 2004).  The findings of the other 
study revealed that the Braden mobility subscale (RH = 2.0, 95% CI [1.8, 2.3]) was 
comparable to the Braden scale (RH = 1.8, 95% CI [1.4, 2.3]) (Perneger et al., 2002). 
These are further supported by the results generated by the current research.  
 
Anthony (2010) questioned the need to include all the factors of the Braden Scale 
and the finding that the Braden mobility subscale, at the cut-off level of “very 
limited” (cut-off score ≤ 2), was the only Braden subscale that was significant in 
predicting pressure injury and was 5.7 (95% CI: 2.062, 15.676, p = 0.001) times 
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more likely to predict pressure injury than the other subscales would support this 
argument.  However, as the Nagelkerke R2 value for the model containing all Braden 
subscales was 17.7%—a slight increase over the single mobility factor (16.4%) 
analysed in the direct logistic regression reported earlier.  —the combined subscales 
is only slightly better as a predictor of pressure injury. Furthermore, this finding 
infers that adding other subscales into the assessment does not significantly improve 
the prediction of pressure injury.  Consequently, the evidence is now suggestive that 
assessment of pressure injury risk could be simplified to rely on the use of a single 
factor—mobility. 
 
Thus, the findings from the case-control phase of the study add further to the 
evidence generated by the systematic review.  Meta-analysis of five studies 
(Baumgarten et al., 2006; Houwing et al., 2004; Kwong et al., 2005; Sayar et al., 
2009; Webster et al., 2010) revealed that a patient noted as having Stage I pressure 
injury and being assessed as having “very limited mobility” or worse (or its 
equivalent mobility impairment) is 6.39 (95% CI: 2.11 to 22.79) times more likely to 
develop a pressure injury than patients that were assessed as having “slightly 
limited” or “no limitation” in mobility.  In another study (Papanikolaou et al, 2003) 
included in the review, presence of mobility impairment was found to be 5.41 (95% 
CI [2.00, 14.63] p = 0.001) times more likely to predict pressure injury than when no 
mobility impairment is noted. 
 
These findings contrast with early investigations by Halfens et al. (2000) that 
indicated that mobility was not a significant risk factor.  The authors instead 
suggested that friction and shear were important risk factors for pressure injury 
development and should be focused on during the assessment.  Nevertheless, the 
Halfens et al study findings indicated a reasonably strong correlation between 
mobility and friction and shear (r = 0.63).  This led the authors to suggest that 
assessment of friction and shear would only be applicable when patients have 
problems with mobility and/or activity.  Hence, the findings partially support 
mobility as an important risk factor in pressure injury development.  
 
The growing evidence in support of the use of mobility assessment alone in 
prediction and management of pressure injury is boosted by an unpublished study 
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reported by McErlean et al. (2002).  The Ramstadius risk assessment and 
intervention tool defines patients at risk of developing pressure injury as those that 
cannot reposition without assistance (Sharp & McLaws, 2006; Webster et al., 2011).  
However, as the tool has not been used widely, the evidence in support of its 
effectiveness is limited (Webster et al., 2011). According to McErlean and 
colleagues, the rationale behind using only mobility as an assessment of risk is 
reduced complexity. Thus, it appears that the Ramstadius risk assessment tool was 
derived out of necessity, and in response to the need for simplicity, it may not have 
been subjected to the same level of empirical testing as the Braden scale. Using 
similar terminology, the current study did find that “need help in turning” was 
associated with pressure injury, but this score was not predictive of pressure injury 
when analysed using logistic regression.  However, as the Braden mobility subscale 
was found to be more predictive of pressure injury compared to the Braden scale 
within this population in Singapore, it provides empirical evidence supporting the 
use of the Braden mobility subscale alone as a tool for assessing pressure injury risk.  
 
Results from a randomised trial comparing the effectiveness of the Waterlow scale, 
Ramstadius risk assessment tool, and clinical judgment, when used in assessing 1231 
patients from internal medicine and Oncology units admitted to a large metropolitan 
hospital, indicated  that the ability of the three assessment methods in predicting 
pressure injury was comparable (Webster et al., 2011).  However, Webster and 
colleagues did not recommend the use of a particular risk assessment tool, suggesting 
instead that interventions should be instituted based on “care consideration”.  The 
examples of such practices were turning when the patient is unable to reposition, and 
dietetics referral with nutritional risk.  
 
The notion that activity was linked to pressure injury development was not supported 
by the findings of the present study.  Activity as a risk factor of pressure injury 
development was first raised at the candidature confirmation panel review for this 
thesis.  Cox (2010), whose findings suggested that activity was not a significant 
predictor of pressure injury, further supported this finding.  Perhaps, being bed-
bound or chair-bound, which are elements of the Braden activity subscale, may not 
have a direct effect on the pressure exerted on the skin over bony prominences as 
much as having mobility impairment would have. 
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Nutrition featured strongly in many guidelines recommending usage of a validated 
nutritional screening tool as a pressure injury prevention strategy (Australian Wound 
Management Association, 2012; European Pressure Ulcer Advisory Panel and 
National Pressure Ulcer Advisory Panel, 2009).  However, the current study findings 
did not support the Braden nutrition subscale or the hospital’s validated nutrition 
screening tool (Lim et al., 2009) as a predictor of pressure injury.  Although pressure 
injury prevention guidelines recommend using a validated screening tool, the 
recommendation was not based on research evidence.  For example, the Pan Pacific 
pressure injury prevention and management guidelines state that the need for 
nutritional assessments of patients with pressure injury is not supported by any 
published studies (Australian Wound Management Association, 2012).  
 
After 25 years of research, Anthony et al. (2010) surmised that introduction of 
additional factors into the risk assessment tool may not improve the identification of 
risk.  This was supported by the results of this current study whereby when adding all 
identified significant factors into the model, the mobility subscale still emerged as 
the second highest factor that made a unique statistically significant contribution to 
the model.  Moreover, it was shown to be 5.941 (95% CI [2.861, 12.573] p < 0.001) 
times more likely to predict pressure injury when compared to all other factors in the 
model.  Even though it is the second highest contributor to the model, the Braden 
mobility subscale was the most important predictor, as demonstrated by the highest 
value on the Wald test.  Other studies that support mobility as a predictor of pressure 
injury development, based on the multivariate analysis results, were those conducted 
by Cox (2010), Kaitani et al. (2010), Lindgren et al. (2004), and Papanikolaou et al. 
(2003).  
 
In the present study, other factors that were found significant in predicting pressure 
injury were usage of vasopressor (OR = 9.061, 95% CI [3.166, 25.937]), anaemia 
(OR = 5.215, 95% CI [1.830, 14.863] p = 0.002), and suffering from orthopaedics 
condition (OR = 3.493, 95% CI: 1.574 to 7.750).  The high odds ratio associated with 
the usage of vasopressor could be attributed to nearly all patients in the pressure 
injury group that had been to ICU/HD (25/ 27, 92.6%) had vasopressor administered.  
This is a significant increased, when compared to only two (7.4%) patients who had 
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been admitted to ICU/HD in the non-pressure injury group were reported to have had 
vasopressors usage. Although the participants in the study conducted by Cox (2010) 
were ICU patients, the findings did not support usage of vasopressor as a significant 
predictor of pressure injury.  The literature review did not identify any studies the 
findings of which supported anaemia and having an orthopaedic condition as a 
significant predictor of pressure injury.  Although Webster et al. (2011) proposed 
other significant pressure injury predictors, such as age, the authors discounted the 
usefulness the additional factors as a screening tool.  This conclusion could be based 
on the fact that, at present, no direct intervention based on these other factors that 
would be related to averting pressure injury is offered. 
 
The risk factors identified as significant predictors of pressure injury in studies 
identified in the literature review were; age (Cox, 2010; Lindgren et al., 2004; 
Perneger et al., 2002; Webster et al., 2011), length of stay in the intensive care unit, 
co-morbidity of cardiovascular disease (Cox, 2010), length of hospitalisation 
(Lindgren et al., 2004), female gender, poor appetite, inter-hospital transfer, 
occasional incontinence (Papanikolaou et al., 2003), infrequent turning, and 
emergency admission to ICU/HCU (Kaitani et al., 2010).  Since age, gender, and 
length of stay were criteria used to match the case and control samples in the present 
study, no comparison were made for these risk factors.  Moreover, this study did not 
corroborate findings of earlier studies on poor appetite, co-morbidity of 
cardiovascular disease, inter-hospital transfer, and incontinence as factors that predict 
pressure injury.  However, cardiovascular disease was the most prevalent factor 
(68%) in both “case” and “control” groups in this present study. 
 
The Pan Pacific pressure injury prevention and management guidelines (Australian 
Wound Management Association, 2012) listed stroke, diabetes, cognitive 
impairment, medication use (hypnotics, sedatives, and analgesics), and surgery as 
risk factors of pressure injury.  However, it was noted that this list was not based on 
findings of any specific studies on risk factors for pressure injury.  The current study 
findings cannot add further to the evidence base as they do not indicate that any of 
the aforementioned risk factors were significant, although Kaitani et al. (2010) 
reported that sedation was a risk factor in developing pressure injury.  
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This present study found no associations for smoking, duration of surgery, high BMI, 
and diabetes with pressure injury.  Such factors, according to pressure injury 
guidelines, were considered to increase the likelihood of pressure injury (Australian 
Wound Management Association, 2012; European Pressure Ulcer Advisory Panel 
and National Pressure Ulcer Advisory Panel, 2009; Perry et al, 2012).  However, it is 
possible that misalignment between the current findings and the evidence reported in 
the literature is due to the setting in which the study was conducted.  Similarly, 
although the present study found having had previous infection and presence of fever 
were not associated with pressure injury, these factors were present in those 
identified as at “high risk” of pressure injury when in-depth analysis was undertaken.  
More research is therefore required to explore the effect and significance of these 
factors.  
 
As the present study is the first of this type in Singaporean healthcare organisations, 
it is important to consider the role contextual factors play in the evaluation of 
pressure injury risk factors.  Moreover, similar studies conducted in different settings 
have failed to yield a consensus, as with the exception of mobility, their authors 
recommended varied and differing predictors of pressure injury.  Therefore, it is not 
surprising that, to date, no common or single empirically derived assessment tool has 
been proposed for wide scale use. 
 
 
7.2 Braden mobility subscale as a predictor for initiating 
preventive interventions 
 
 
The sole purpose of identifying patients at risk of pressure injury is to identify the 
optimal preventive interventions needed in order to avert pressure injury.  The 
preventive interventions resulting from the Braden scale protocol application are 
determined according to the risk level (Braden, 2001).  Given that evidence from the 
current research appears to support the use of the Braden mobility subscale alone as a 
risk assessment tool, its function in determining initiation of preventive interventions 
was examined in comparison to the Braden scale.   
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The systematic review identified only one study in which the Braden mobility 
subscale was predictive of most of the preventive interventions (7 out of 10) 
endorsed by nurses.  Moreover, this subscale was found superior to other Braden 
subscales (Magnan & Maklebust, 2009).  However, the effect of the Braden scale 
risk levels on nurses’ endorsement of the preventive interventions were not reported. 
Ascertaining the effect of the Braden mobility subscale on nurses’ activity related to 
initiating rather than endorsing the preventive interventions is clearly lacking at 
present. No studies on the actual initiation of preventive interventions that are based 
on the assessment of the Braden mobility subscale or equivalent subscales were 
identified from the review. 
 
This gap in the extant knowledge on the validity of the Braden mobility subscale as a 
tool for assisting in identification and implementation of optimal and timely pressure 
injury preventive measures led to the next phase of the research.  Unfortunately, as 
pointed out by Mann (2003), one of the limitations of a case-control design is that it 
can only analyse the outcome variable for which it was matched.  As the study 
design was a case-control design and preventive interventions were not used as the 
matched outcome variable, the sample comprising those with no pressure injury was 
excluded from this analysis.  Here, the relationships between the risk assessments 
(Braden and Braden mobility subscale) and the preventive interventions were 
analysed in the group with pressure injury only as advised by the statistician. 
 
Magnan and Maklebust (2009) indicated that the Braden mobility subscale 
significantly predicts nurses’ activity in endorsing pressure-reducing support surfaces 
with increasing likelihood as the degree of mobility impairment increases (OR = 
4.12, 13.43, and 30.94).  In contrast, none of the individual Braden mobility subscale 
immobility levels were significant predictors of this in this present study.  
Nevertheless, the individual Braden scale risk level of “very high risk” (OR = 39.0, 
95% CI [3.362, 466.253] p = 0.004) was a significant predictor of the nurses 
initiating pressure-relieving mattress.   
 
The initiation of pressure-relieving mattress was recommended by Braden (2001) for 
Braden scale risk levels of “high risk” and “very high risk” and these levels were 
collapsed, dichotomised and analysed in this present study,  At the recommended 
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cut-off Braden scale risk level, it was 5.63 times more likely to elicit nurses initiating 
pressure-relieving mattress (95% CI [1.625, 19.508] p = 0.006) with a variance 
ranging from 6.7% to 11.7%.  In order to find a suitable threshold for the Braden 
mobility subscale similar to the Braden scale, various models were tested at various 
Braden mobility subscale cut-off scores.  The Braden mobility subscale was 
comparable to the results of the Braden scale at the cut-off mobility level of “very 
limited mobility” (cut-off score ≤ 2) and this rating was found to be 5.444 (95% CI 
[1.431, 20.716] p = 0.013) times more likely to predict initiation of pressure-
relieving mattress than at other mobility cut-off levels.  In addition, the variance 
explaining the initiation or pressure-relieving mattress was comparable to that of the 
full Braden scale (7.3% to 12.9%) and based on the Nagelkerke R2 value, it signifies 
modest predictive power of this assessment tool.  Finally, the Braden mobility 
subscale cut-off level of “immobile” was a significant, but poor, predictor of 
initiation of pressure-relieving mattress (Nagelkerke R2 = 6.1%). 
 
The findings for “very high risk” (OR = 11.000, 95% CI [1.048, 115.510] p = 0.046) 
and “medium risk” (OR = 5.867, 95% CI [1.620, 21.245] p = 0.007) on the 
individual Braden scale risk levels were found to be predictive of 2-hourly turning 
plan or orders.  The model as a whole was modestly predictive of initiation of turning 
plan or orders (Nagelkerke R2 = 14.7%).   
 
In contrast, none of the individual Braden mobility subscale immobility levels were 
significant predictors of nurses initiating 2-hourly turning plan or orders and the 
findings do not support those by Magnan and Maklebust (2009). 
 
At the recommended cut-off Braden scale risk level of “low risk” (cut-off score ≤ 16) 
for initiating turning, the model was 3.065 (95% CI [1.278, 7.034] p = 0.012) times 
more likely to predict initiation of 2-hourly turning plan or orders in comparison with 
being assessed as “no risk”.  Unfortunately, it had poor predictive performance 
(Nagelkerke R2 = 8.9%).  At the next cut-off Braden scale risk level of “medium 
risk” (cut-off score ≤ 14), the model performed slightly better (OR = 3.733, 95% CI 
[1.487, 9.372] p = 0.005), but was still bordering at around being a poor to modest 
predictor (Nagelkerke R2 = 10.8%) for initiating 2-hourly turning plan or orders.  
Compared to the Braden mobility subscale, none of the models for the Braden 
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mobility subscale immobility levels or any cut-off immobility levels significantly 
predicted initiation of 2-hourly turning plans or orders. 
 
In this research, availability of turning chart was deemed synonymous to actual 
repositioning, as the record of turning is documented in this turning chart.  The study 
findings indicate that none of the Braden scale risk levels was predictive of initiation 
of turning neither was the Braden mobility subscale found to be a significant 
predictor of initiation of turning.  
 
Based on the results presented in this thesis, the Braden mobility subscale is 
comparable to the Braden scale in initiating pressure-relieving mattress only, but not 
for turning.  The Braden scale was modestly predictive of 2-hourly turning plan or 
orders.  Unfortunately, this did not translate into actual turning as evidenced by the 
Braden scale being a poor predictor for initiating turning chart.  Consequently, it 
appears that the Braden mobility subscale was not predictive of turning in this 
clinical setting.  This finding was not surprising, given that the current hospital 
policy demands that initiation of turning is based on assessment using the Braden 
scale.  Conversely, compliance on turning, according to the Braden scale assessment, 
was not observed in this study.  It is unclear whether the outcome would differ if the 
“order” of turning or other preventive interventions were based on the assessment 
performed using Braden mobility subscale instead of the Braden scale.   
 
Other preventive interventions were not analysed in this study.  The main reasons for 
omitting this analysis were the fact that the use of skincare products was not found to 
be associated to the assessments, and there was very little documentation on the use 
of other preventive interventions in the medical records such as use of pillows, 
keeping heels off the bed or floated, and placing padding between bony prominences. 
This lack of documentation was expected and it confirms earlier suspicions that it is 
not a norm for nurses in this hospital to document these preventive interventions.   
 
Nevertheless, similar to the findings of this study, Gunningberg (2005) found that in 
512 bed-bound patients, low Braden score, activity, intensive care, geriatric care, and 
length of stay were significant predictors of appropriate preventive interventions.  
However, this population included individuals who already had pressure injury, thus 
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the link between the recognition of risk as initiation of interventions could not be 
established.  In addition, one of the limitations of this study is that activity and 
Braden score were included in the logistic regression concurrently, which constitutes 
singularity, potentially resulting in over- or under-estimation of the effect (Pallant, 
2011). 
 
The present study found no association between either the Braden scale or the 
Braden mobility subscale on the use of skincare products, which is in line with the 
results reported by Magnan and Maklebust (2009), who concluded that the Braden 
mobility subscale did not predict nurses’ endorsement of protecting skin from 
moisture. 
 
 
7.3 Alignment to assessments and preventive interventions 
 
This present study has earlier established that assessments, be it the Braden mobility 
subscale alone or the Braden scale is predictive of pressure injury development but it 
is not predictive of preventive interventions.  However, these analyses, i.e. 
assessments and pressure injury, and assessments and preventive interventions, were 
undertaken separately and may not have been clinically meaningful in informing the 
complexities surrounding assessments, preventive interventions, and pressure injury.  
Pragmatically, preventing pressure injury is dependent on initiation of preventive 
interventions that is, in turn, dependent on being able to identify risk of pressure 
injury timely through risk assessment.  Hence, this present study explored whether 
after being assessed as “at risk” of developing pressure injury, did the patient receive 
the preventive interventions and did they acquire pressure injury. 
 
Following analysis using backward logistic regression, the results suggested that 
patients with a 2-hourly turning plan or orders and use of skincare products were 
3.62 (95% CI [1.637, 8.010] p = 0.001) times and 2.0 (85% CI [1.035, 3.720] p = 
0.039) times respectively more likely to develop pressure injury than those who did 
not have such measures in place.  Lyder et al. (2001) also found that turning, or 
repositioning may be contributing to the development of pressure injury since in their 
study, patients who received 2-hourly repositioning within 48 hours of admission 
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were 1.45 (95% CI [1.06, 1.98] p = 0.02) more likely to acquire pressure injury 
compared to those that did not receive 2-hourly repositioning.  The author attributed 
this phenomenon of inverse effect of preventive interventions on pressure injury 
development, to low rate of compliance in implementing the interventions that may 
not necessarily have been accurately documented.  However, another study on 
patients who were totally dependent on assistance for turning in the ICU/HCU found 
that frequent 2-hourly turnings and repositioning was significantly predictive of 
decreased pressure injury development (OR = 0.45, 95% CI [0.21, 0.97] p = 0.040) 
(Kaitani et al., 2010).  Consequently, this is an area where further research is needed. 
 
Initiation of pressure-relieving mattress and availability of turning chart was not 
statistically significant.  In other words, both preventive interventions neither 
exacerbate nor reduce pressure injury incidences in this present study.  The lack of 
effect of pressure-relieving mattress on reducing pressure injury was supported by 
Kaitani et al. (2010) and Lyder et al. (2001), who found that having received an air 
mattress and special bed (rolling bed) was not associated with reducing the incidence 
of pressure injury.   
 
Lyder et al. (2001) attributed the higher incidence of pressure injury even with the 
preventive interventions to issues around poor compliance and delay in 
implementation of the preventive interventions.  This probably explains why, in 
Western Australia, despite the push for implementation of best practice in preventive 
interventions, there was worsening of the situation, registering hospital-acquired 
pressure injury incidence, as indicated by the increase from 6.3% in 2009 to 7.4% in 
2011 (Mulligan et al., 2011). 
 
Because of methodological issues, any inferences arising from this analysis should 
be interpreted with caution.  In other words, concluding that preventive interventions 
cause pressure injury would be erroneous.  Furthermore, analysing the effect of 
preventive interventions on pressure injury alone may not be adequate.  For example, 
earlier findings by Lyder and colleagues suggest that there appears to be a lapse 
between the assessment and initiation of turning.  Thus, any analysis on the 
relationship between the preventive interventions and pressure injury would thus 
have to be undertaken in conjunction with the risk assessment.  Hence, it is important 
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to explore if the assessment (based on either Braden or Braden mobility subscale) 
translated into the initiation of preventive interventions and examining its impact on 
pressure injury. 
 
Side-by-side analysis to ascertain the alignment between the assessments (Braden 
scale and Braden mobility subscale) and preventive interventions was examined next.  
The analysis was undertaken separately for the groups of patients with and without 
pressure injury.  In the pressure injury group, pressure-relieving mattress and 2-
hourly turning plan or orders appeared to be aligned to the Braden scale risk levels of 
“very high risk” in 75% of the cases.  Unfortunately, at the “very high risk” level, the 
planned 2-hourly turning (75%) translated to only 25% of cases in which turning was 
actually initiated in the clinical practice.  This could be attributed to the nurses’ 
perception that the presence of pressure-relieving mattress supersedes the need for 
turning.  However, as this hypothesis cannot be confirmed at this time, more research 
is required.  In contrast, 61.5% of the patients deemed at “medium risk” received 
preventive intervention of turning, which was satisfactory.  At all other risk levels for 
recommending preventive interventions, less than 50% of the patients received the 
preventive interventions.  The lowest percentage was found for turning, which was 
initiated in 18% in those with pressure injury that were assessed as “high risk” 
patients.  From the analyses of the pressure injury group, it became apparent that the 
alignments of preventive interventions to the Braden scale risk levels were 
inconsistent and, in some cases, inadequate.  It is thus unclear whether the lapse in 
initiating the preventive interventions could have accounted for the patients acquiring 
pressure injury.  Arguably, this finding is to be taken with caution in view of the 
small sample size and the retrospective nature of the study.  Nevertheless, this 
finding provides a glimpse into the issues in the implementation of preventive 
interventions in the actual clinical setting in this acute care hospital.  It is certain, at 
least for now, from a clinical perspective, that more work is required in ensuring 
better alignment of preventive interventions to the risk assessment. 
 
The overall alignment of the preventive interventions to the Braden mobility subscale 
according to immobility level was comparably worse than with the Braden scale.  
This finding was understandable, given that the hospital’s policy dictates initiation of 
preventive interventions to be based on the assessment of the Braden scale (National 
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University Hospital, 2007).  The highest alignment was found between the 
assessment of “immobility” and the use of skincare product, which was 54.4%.  At 
the recommended immobility level for other preventive interventions, less than 50% 
of the patients received the required preventive interventions.  The poorest alignment 
was noted in the group that was assessed as “immobile”, as in only 18% cases, 
turning was initiated.  The lack of turning in the “immobile” patient group, noted in 
this study, is thus worrisome.  
 
The lack of turning and use of supportive mattress in the “at risk” patients (Braden 
scale < 17) was corroborated by a study on 612 patients in a Swedish university 
hospital (Gunningberg, 2005), as the majority of bed-bound patients evaluated in this 
study who were identified as “at risk” of developing pressure injury (n = 74) failed to 
receive appropriate preventive interventions.  Another study conducted in a 606-bed 
tertiary care hospital on 98 ICU/HDU immobile patients, which indicated that 
inadequate turning and repositioning (OR = 0.452 [95% CI: 0.212, 0.966] p = 0.04) 
caused pressure injury in 11 (11.2%) of the patients (Kaitani et al., 2010). 
 
In the non-pressure injury group, analysed as a part of the present study, very few 
preventive interventions that were supposed to be initiated based on the Braden scale 
or Braden mobility subscale, about 40% or fewer were received by patients.  The 
findings do not suggest presence of a clear alignment between the assessments on 
either the Braden scale or Braden mobility subscale and initiation of preventive 
interventions, except for initiation of pressure-relieving mattress for patients assessed 
as “very high risk”.   
 
As similar results were noted with the Braden mobility subscale, it appears that 
preventive interventions were not consistently applied according to the recommended 
risk levels.  It is also unclear whether having received the preventive interventions, 
pressure injury was averted, as the findings did not appear to support this link.  
Similarly, it appears that not receiving preventive interventions was not a cause of 
pressure injury.  Clearly, further examination of the data is needed to understand this 
phenomenon. 
 
 140 
 
Nevertheless, these patients did not suffer any adverse effects, as none had pressure 
injury.  It is possible that this could be attributed to the following reasons; not all 
patients who are identified as at risk would eventually develop pressure injury; the 
standard hospital mattress are of pressure-reducing specifications (Pentaflex by 
Arjohuntleigh or Tempur-Pedic® by Hilrom) ; the patient made changes in positions 
of their own accord; re-positioning could have been performed but not documented.  
Snapshots of situations where unexpected findings were noted were investigated in 
detail.  Among the issues that surfaced in this study were patients acquiring pressure 
injury despite receiving preventive interventions, and patients deemed “not at risk” 
of developing pressure injury acquiring pressure injury.  Thus, to explore these 
discrepancies further, two scenarios in those with pressure injury were investigated.  
The first scenario investigated involved patients who were identified as “high” and 
“very high risk” that had received the pressure-relieving mattress. For example, three 
patients with pressure injury who were identified as “very high risk” when assessed 
using the Braden scale, correctly received the Autologic 200 pressure-relieving 
mattress.  Having received the mattress was supposed to avert pressure injury from 
developing, which was not the case.  Initial analysis revealed that the patients had the 
pressure-relieving mattress initiated prior to the pressure injury.  On further analysis, 
it was noted that the mattress was initiated one or two days after the initial admission 
assessment.  In one of the patients, the pressure-relieving mattress was initiated one 
week following admission.  Findings reported by Lyder et al. (2001) corroborated the 
aforementioned outcomes, as the authors noted that use of pressure-relieving 
mattresses did not significantly reduce pressure injury incidence (OR = 1.19, 95% CI 
[0.74, 1.91] p = 0.48).  However, as the authors cited that the pressure-relieving 
mattress was introduced within 48 hours of the assessment, it was possible that the 
damage to the tissues might have occurred in this period.  Additional risk factors 
identified in all three patients analysed in the present study were fever, and use of 
diaper.  Three other patients with pressure injury assessed as “high risk” using the 
Braden scale had also received the appropriate preventive interventions.  Delay in 
initiation of pressure-relieving mattress, presence of fever, and use of diaper was 
found in these patients, while one patient did not receive skincare product.  
 
An individual assessed using the Braden scale as “no risk”, was not expected to 
develop pressure injury.  Thus, there is an expectation that the incidence of pressure 
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injury at this risk level should be close to zero.  Alarmingly, about half (n = 56) of 
those with pressure injury were classified as “no risk” and this group forms the 
second scenario of whom 16 of them were also assessed as having “no limitation” in 
mobility using the Braden mobility subscale.  Because of this assessment, these 
patients were not expected to receive preventive interventions nor were they 
expected to acquire pressure injury.  Further analysis revealed that, in 73% of the 16 
cases, pressure injury risk level on the day of reported pressure injury, worsened 
compared to its admission score. It was not possible to obtain the breakdown of the 
Braden scale score, as only a single number (Braden score) was reported in the 
electronic Hospital Occurrence Report.  No corresponding Braden scale assessment 
was reported in the medical record either on the day of the reported events, due to the 
practice at this acute care hospital of assessing pressure injury risk only once, i.e., on 
admission.  Hence, it was not possible to determine whether there was any change to 
the Braden mobility subscale at the time the pressure injury was reported.  Compared 
to the group with no pressure injury that had similar assessments, a greater number of 
risk factors,  such as use of diaper, having fever, and having been administered 
vasopressors was observed in about 50% of the cases in the group that had pressure 
injury, compared to the group without pressure injury.  This analysis supports the 
findings from the logistic regression, which revealed that vasopressors contribute to 
the prediction of pressure injury.  However, as this is just a snapshot, more research 
is required in this area, which is outside the scope of this present study. 
 
 
7.4 Additional findings of clinical relevance 
 
Any study that includes data capture of clinical care has the potential to uncover 
unforeseen issues related to practice (Grossmann, Goolsby, Olsen, & McGinnis, 
2010).  As a result of this study, evidence has arisen that suggests reporting of 
occurrence of pressure injury is poor.  In line with many studies related to hospital 
adverse event reporting, the clinicians at this setting did not report all the pressure 
injuries at the first instance, which is at odds with hospital policy.  The study found 
that there were instances of missed reporting of pressure injury events, with 14% of 
the pressure injury events not reported when they first occurred.  During the 
matching process, which was performed for the control sample in this study, 61 
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unreported hospital-acquired pressure injury were found.  Most of these were Stage I 
(52/61).  One possible reason for this high level of unreported cases could be the 
nurses’ being unsure whether Stage I pressure injury should be reported.  Another 
potential contributor to this issue is unfamiliarity with recognition of Stage I pressure 
injury (International Guidelines, 2009).  Stage II pressure injuries are much easier to 
recognise, as presence of broken skin over bony prominence is visually obvious.  
However, it was also noted that there were nine Stage II hospital-acquired pressure 
injuries that were not reported, raising concerns, since there were a number of cases 
in which the hospital staff failed to report pressure injury events.  As these 61 
hospital-acquired pressure injury incidences, which were not reported on eHOR and 
only came to light when matching controls, it raises concern around how many more 
cases were not reported.  Failure to report pressure injury correctly results in an 
artificially low incidence rate and consequently the Nursing Management would not 
view pressure injury as a problem that needed to be addressed.  An international 
guideline consensus document raised the issue of under reporting and highlighted the 
importance of results of incidence studies that inform the monitoring and 
development of strategies to reduce the occurrence of pressure injury (International 
Guidelines, 2009).  Poor reporting of adverse events was also alluded to by 
Whittington and Briones (2004), who noted that the impact of human factors on 
clinical care and processes that permit voluntary reporting could be adverse to patient 
outcomes.  More recently, a report from the Office of the Inspector General of the 
US Department of Health indicated that 86% of events were not reported by hospital 
staff in the incident reporting system (Levinson, 2012).  The report further stated that 
this under-reporting could affect patient safety efforts towards instituting prevention 
strategies.  Sari, Sheldon, Cracknell, and Tumbull (2006) compared data entered in 
the incident reporting system and those captured through a retrospective review of 
medical records over the same period in 2004 of a large NHS hospital in England.  
The review of medical records identified 85% (n = 118) of pressure injury events 
compared to 39% (n = 54) reported.  The author concluded that review of medical 
records is more accurate than voluntary reporting in determining patient incidences 
occurring in this hospital.  In the US, Meddings, Reichert, and Hofer (2013) 
compared the ranking of hospital performance on hospital-acquired pressure injury 
using data submitted to the Center for Medicare and Medicaide Services (CMS) (448 
hospitals) and quarterly hospital-wide skin inspection surveillance data submitted to 
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the Collaborative Alliance for Nursing Outcomes (CALNOC) (213 hospitals) in 
2009.  The study found that many hospitals that were categorised as ‘worst’ 
performers using the CMS data were found to have performed better ranking using 
the CALNOC data.  The author concluded that data obtained from the CMS 
misclassified the hospital’s performance and may not be appropriate for comparing 
pressure injury rates of hospitals.  The findings from the aforementioned papers 
affirm that using voluntary reporting of pressure injury occurrence alone is 
inadequate to create an accurate picture.  Thus, in 2013, this study hospital in 
Singapore conducted a point prevalence study.  The results of this study supported 
the findings of these earlier studies in that of the 45 pressure injury events identified 
by skin inspection, only 16 (35.6%) were reported in the eHOR system (Mordiffi, & 
Bao, 2014).  Therefore, it may now be time to move away from a dependence on the 
data entered voluntarily into hospital reporting systems and to consider other 
measures, such as medical records review or surveillance data from direct 
observation of skin inspection, to ascertain a more accurate measure of an 
organisation’s pressure injury status. 
 
This study identified data that support calls for rigorous implementation of pressure 
injury risk assessments and interventions to reduce hospital-acquired pressure injury 
events.  The intensive scrutiny of medical records revealed that almost 20% of 
patients who had a pressure injury died while in hospital.  In comparison, only 2% of 
the patients in the group without pressure injury suffered the same outcome.  This 
was a significant and unexpected finding.  Death was not entered into the logistic 
regression to ascertain predictors of pressure injury, as it is not considered a 
contributing factor; death occurs after the fact.  This finding appears to suggest that, 
once patients acquire a pressure injury, they may be at a greater risk of death due to a 
complication of pressure injury.  However, no clear inference of causal relationship 
can be made, as there are many factors associated with this outcome and making 
such conclusions is outside the scope of this study.  This finding was nonetheless 
supported by Cox (2010), who found that in the ICU patients, 26% with pressure 
injury died, compared to just 7% died in the group without pressure injury. 
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7.5 Strengths 
 
One of the strength of this research lies in the framing of the research question, which 
was based on the Knowledge-to-action model.  This model was chosen as the 
underpinning theoretical framework because its concept embodies the intent of the 
present research, which aimed to address the problem that arose from a clinical need 
for pressure injury assessment and prevention.  Poor uptake of research findings by 
users in the clinical setting has been associated with the lack of clinical relevance of 
the topic being investigated (Straus et al., 2011).  In order to correct this misalignment 
between evidence generation and evidence usage, Strauss and colleagues suggested 
that researchers involve and engage users of research evidences when formulating the 
research question.  This collaborative approach to research conduct ensures that the 
research remain clinically relevant and meaningful.   This present research integrates 
the Knowledge-to-action model as a framework in the conduct of the research. 
Consequently, this increases the likelihood that the research findings will be 
implemented into the clinical setting with the aim to improve nursing practice and 
patient outcomes. 
 
The importance of this research is that it adds to the evidence on the validity and 
effectiveness of the currently implemented assessment tools, and offers an alternative 
risk assessment approach that has the potential to be more efficient, efficacious, and 
more sustainable.  This is validated by providing evidence that the Braden mobility 
subscale is better than the Braden scale at predicting risk of pressure injury.  Making 
the processes implemented in clinical setting simple and pragmatic is important for 
busy staff, as that would encourage uptake of the research evidence.  
 
Another key strength of this study is that this is a sequential research, guided by the 
research question formed based on a systematic review of the available evidence.  
Using systematic review as the first study phase ensures that the relevant evidence 
reported in the pertinent literature is extensive and of good quality, strengthening the 
validity of the findings.  Moreover, as the systematic review revealed lack of studies 
on preventive interventions that were implemented as a result of the scores on the 
mobility subscale as an assessment tool, this research is the first of this kind.   
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In view of the small incidence rate of pressure injury in this acute care hospital, it was 
estimated that a large sample size in the realm of about 20,000 participants would be 
required to facilitate meaningful and statistically relevant analysis.  This would, 
however, be logistically impractical, as data collection alone could potentially 
require two years or more.  Furthermore, owing to the small pressure injury 
incidence rate, the effect of pressure injury may not be apparent in a prospective 
design.  After much deliberation, a retrospective case-control study was deemed 
advantageous as it would give adequate power to the results and the sample size 
would be more manageable within the scope and timeframe of a PhD study.  To 
further justify the use of this design, another clinical study of similar rare events that 
was based on case-control design was identified and reviewed.  In this particular 
study, the focus was on sigmoidoscopic screening for colorectal cancer, a case-
control design was employed as an alternative to randomised controlled trial as it was 
considered to be a more efficient approach (Heit et al., 2000; Selby, Friedman, 
Quesenberry Jr, & Weiss, 1992).  Thus, choosing a case-control design for this study 
was justified, as it was deemed to be the most viable option (Mann, 2003).  Support for 
its use was also alluded to by Grimes and Schulz (2005), who referred to the use of a 
control group as a powerful research tool.  
 
 
Known limitations of a case-control design, which may cause increased risk of bias are 
related to the choice of the control.  Some of the strategies to overcome this bias, 
include identifying the control subject in the population with the risk for developing 
pressure injury similar to the case group, selecting cases where the event of interest 
(pressure injury) has not occurred, and individuals being  representative of the target 
population (Grimes & Schulz, 2005; Levin, 2006).  These limitations were addressed 
in this case-control study in the following manner.  To ensure that each control subject 
has the same risk for developing pressure injury as the corresponding case subjects, the 
criteria used to match the controls took into consideration factors that may cause 
increased risk of pressure injury other than age and gender.  For example, it was 
observed that about 27% of the individuals in the case group (with pressure injury) 
were reported from the ICU/HD.  In addition, in researcher’s previous encounters, 
Nurse Leaders from the ICU had raised the issue of pressure injury as an area of 
concern.  Furthermore, if this factor was not controlled for, it was recognised that the 
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pressure injury group could have greater proportion of cases from the ICU/HD and the 
non-pressure injury group may have a higher proportion from the general wards.  The 
matching criteria used in this case-control study were thus age, gender, length of stay, 
ICU/HD stay, and surgery.  To ensure that the control matches the criteria of the case 
subject, the database containing the records of patients who were admitted into the 
hospital during the study period were categorised into 32 groups, according to the 
different combinations of the matching criteria.  To minimise bias and ensure that the 
patients in the control group did not have pressure injury, the records of patients who 
formed the case group were removed.  In addition, records chosen for inclusion in the 
control group were screened and excluded, pre-existing pressure injury was recorded.  
Finally, to ensure that the control is representative of the target population, random 
sampling was used in choosing the control subjects. 
 
Regression models can be used to determine predictor variables of diseases (Harrell Jr 
et al., 1985).  This study used logistic regression analysis to ascertain the predictive 
measure of the assessments.  However, two issues may be inherent in logistic 
regression, namely high correlation (singularity and multicollinearity) causing 
problems with estimation (Bewick et al., 2005; Pallant, 2011), and multiple 
comparison or testing inflating the effect, which might result in Type I error of 
rejecting the null hypothesis (Harrell Jr et al., 1985).  Following discussion with the 
statistician, steps were taken in this study to avoid the pitfalls of singularity, 
multicollinearity, and multiple testing. 
 
“Multicollinearity exists when the independent variables are highly correlated (e.g. r > 
0.9).  Singularity occurs when one independent variable is actually a combination of 
other independent variables (e.g. when both subscale scores and the total score of a 
scale are included” (Pallant, 2011, page 151).  This could have been an issue in this 
study, as the Braden mobility subscale is a component of the Braden scale.  
However, from the very early stages of the research, care was taken to prevent 
singularity by creating two separate models: one with the total Braden Scale score 
but without a mobility sub-scale as an independent co-variate; and another with 
mobility sub-scale without the total Braden Scale score as an independent co-variate. 
Thus, the comparison of the Braden scale and Braden mobility subscale was made 
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after running two separate simple logistic regression models and comparing the odds 
ratios for the scales with respect to the outcome of pressure injury incidence. 
 
Any two variables may be significantly correlated or associated to each other.  
However, when they are tested together with other variables, it is unclear which 
variable the outcome is correlated or associated to (Howell, 2010).  Predictors that 
are highly correlated (multicollinearity) with each other can make the regression 
unstable and may make both variables appear to be predictive, when actually both 
are the same (Dallal, 2012).  To avoid multicollinearity, variables that appeared to be 
similar were tested for multicollinearity by checking the standard error (Dallal, 2012; 
University of Texas, 2012).  Standard error of more than two would constitute high 
correlation between the two factors tested, and in that case, only one of the variables 
is to be entered into the regression (University of Texas, 2012).  For example, the 
variables on “needs help in turning in bed” and the “get-up-and-go test” appeared 
similar and were thus entered into the logistic regression concurrently, with pressure 
injury entered as the outcome variable.  This study did not find any issues of 
multicollinearity of suspected similar variables. 
 
Multiple comparisons involving testing correlations or associations between groups 
are important for the results to be clinically meaningful.  However, testing multiple 
variables concurrently has been associated with unknowingly increasing the 
significance level and thereby inflating the effect of the correlation or association 
(Price, 2000).  It has been suggested that, to overcome the effect of the increased 
significance level, the Bonferroni test be used to retain the significance at the alpha 
level of < 0.05 or accordingly to the prescribed level (Price, 2000).  This test 
involves dividing the alpha with the number of variables included.  This ensures that 
only the variables that meet the more stringent revised alpha from the bivariate 
correlation or association significance level are taken as predictive of the outcome 
variable.  However, it has been noted that, due to the stringent significance alpha 
level, the Bonferroni test has the limitation of incurring Type II error of accepting the 
null hypothesis, when indeed there is a difference (Price, 2000).  To overcome the 
problem of multiple testing, the author suggested using special multivariate statistical 
procedures.  In this study, logistic regression was used using SPSS version 19.0.  In 
the multivariate analysis, the Hosmer-Lemeshow test was performed to check the 
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overall model fit and to verify that the overall alpha level of the model is maintained 
at the 0.05 significance (Bewick et al., 2005).  Another suggestion to avoid the 
pitfalls of multiple testing is to reduce the number of variables entered into the 
regression (Harrell Jr et al., 1985).  This was achieved by performing bivariate 
analysis on all variables.  Only variables that were found to be significantly 
associated with the outcome of interest (e.g. pressure injury) were thus included in 
the regression.  Finally, backward regression was applied and only significant factors 
were included.  This had effectively reduced the number of variables entered in the 
final regression to only four predictor variables. 
 
The robust nature of the data collection process in both phases of the research adds 
further to the strength of these findings.  In the systematic review, an a priori protocol 
was drafted and peer-reviewed by the Synthesis Science unit of the Joanna Briggs 
Institute.  The systematic review had also been peer-reviewed by the unit.  This 
process ensured that the review was conducted thoroughly and comprehensively, and 
the quality of the included papers was assured.  The hospital used a process of 
scanning copies of the medical records that were made available on-line.  This had 
facilitated further exploration of the collected data, allowing in-depth analysis of 
hypotheses.  The data collected were reliable to the extent a retrospective study would 
allow, as determined by inter-rater reliability analysis.  Disagreements between data 
collectors were studied and the relevant medical records were re-reviewed in order to 
correct any discrepancies.  In addition, a pilot study was conducted to test the tool prior 
to the formal commencement of the data collection.  Modifications were made to the 
instrument to improve the flow of data recording, as well as the wording of the tool, 
with items added or removed.  The inter-rater agreement of 100% for the primary data 
that included the Braden subscale scores was obtained, which was of prime 
importance, as this was the main focus of this study. 
 
 
7.6 Limitations 
 
As with any study, limitations are acknowledged.  This was a single site study in an 
acute care tertiary hospital.  Thus, the findings it yielded may not be generalised to 
other settings due to differences in nursing culture, devices used, and pressure injury 
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protocols. 
 
A limitation of collecting data retrospectively is the potential incompleteness and 
inaccuracy of the documentation in the medical records, since there is no control 
over the information recorded or reported (Mann, 2003).  In this study, most of the 
information on the risk factors was found to be complete.  Information on the Braden 
scale and Braden subscales was documented 100% of the time.  This could be 
because the information on the Braden scale and its subscales was part of the 
admission Nursing Assessment Form and is documented in a structured form.  
However, there was a discrepancy in the Braden scale risk level documented and the 
Braden scale risk level computed by summation of the scores of the Braden 
subscales.  The discrepancy could be due to nurses’ counting error of the Braden 
subscale scores.  Thus, the data on the risk level were subsequently corrected, based 
on the computed Braden subscale scores, prior to the usage in the analyses.  Other 
information obtained from the admission Nursing Assessment Form was complete.  
However, about 22% and 26% of the information on smoking in the group with and 
without pressure injury were not documented, respectively.  It was noted that 
information on smoking was part of the doctors’ initial assessment notes. 
 
Information on the preventive interventions had complete documentation for 
pressure-relieving mattress and prescribed skincare product.  In the current study, 
pressure-relieving mattress was deemed as initiated when the mattress was deployed 
prior to the reported pressure injury event.  To ensure data accuracy, information on 
the date of deployment of the pressure-relieving mattress was verified using the 
database provided by the vendor charging the hospital for rental of the mattress.  
Information on skincare product was obtained from the electronic inpatient 
medication record.  It was noted that only 32 (32%) and 10 (10%) of the patients had 
2-hourly turning plan or orders and similar proportions had turning chart available 
(29% and 9%).  In this study hospital, turning is initiated based on the Braden scale 
risk level of “low risk” or for higher risk levels.  In view that not all patients would 
require turning, the absence of turning plan or orders, or availability of turning chart, 
was understandable.  However, as this is only an assumption the alignment between 
the Braden scale risk level and turning was analysed.  The findings revealed that this 
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assumption does not hold, as in the pressure injury group, at the recommended risk 
level of 16 or less, only 20 (45.5%) and 18 (41%) out of 44 patients with low risk or 
higher risk had a 2-hourly turning plan or orders and turning chart, respectively.  
Similarly, in the non-pressure injury group, about 7 (37%) and 6 (32%) out of 19 
patients identified as low risk or higher risk levels had 2-hourly turning plan or 
orders, and a corresponding turning chart.  Information on all other preventive 
interventions, such as angle of head of bed, use of pillow or foam wedges, heels off 
bed or floated etc., was poorly documented.  This was expected, as it is not common 
practice for nurses to document some of the preventive interventions.  Thus, it is the 
researcher’s contention that, even though a cohort or cross-sectional study design is 
prospective, it would face similar lack of documentation issue as the retrospective 
design.  Hence, these shortcomings were not related to the choice of study design.  
As an example, a countrywide multi-centre cross-sectional prevalence study 
involving Belgian hospitals explored preventive interventions (Vanderwee et al., 
2011).  Accordingly, the method used to obtain information on repositioning is 
supposedly by direct observation.  However, information on repositioning was based 
on review of the patient’s chart, which the author identified as a limitation of the 
study.  Furthermore, as this is a cross-sectional study, the information obtained does 
not span the duration of the patient’s hospitalisation. 
 
Perhaps, an alternative method of capturing information on preventive interventions 
would improve the study outcome.  One possibility would be to conduct direct 
observation of nurses’ practice through shadowing.  However, this would seem an 
impossible task as it would mean following the nurse over a 24-hour period and, due 
to requiring many episodes of shadowing, extensive manpower would be needed for 
data collection.  Thus, a full-scale study of this magnitude would not be practical 
within the constraints of a PhD.  Finally, after performing the direct observation and 
shadowing the nurses, the finding might still be questionable due to Hawthorne effect 
inherent with the shadowing. 
 
Another limitation of a case-control research design is that it is only possible to 
analyse the outcome of interest for which it was matched (Mann, 2003).  In this case-
control study, the matched outcome of interest is pressure injury.  Thus, for the 
research question where the preventive interventions are the outcome of interest, 
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only the group with pressure injury can be used for this analysis.  This constitutes a 
cross-sectional analysis of the pressure injury population and analysis of preventive 
interventions is possible with this design (Mann, 2003).  Cross-sectional analysis of 
the non-pressure injury group was considered.  This would mean having to generate 
a list of the non-pressure injury population.  In order to identify the records of non-
pressure injury subjects upfront would mean having to manually scrutinise the 
documentation of about 100,000 medical records of patients with no pressure injury, 
as information on pre-existing pressure injury is not captured electronically.  
Furthermore, it is likely that some of the medical records would not be available. 
 
Other limitations affecting the present study include the matching criteria, the study 
endpoint, and the timing of data collection.  Ethnicity was initially considered for 
matching but was not used, as the minorities were underrepresented in this hospital, 
with less than 13% of Malays and 9% Tamil patients.  In view of the small 
proportion of the minority group, the small sample size for these groups would be 
inadequate to present any meaningful data. 
 
The study endpoint was the date of the first reported pressure injury, which may also 
be first identified pressure injury in most cases.  Thus, information on progression of 
the stage of pressure injury is lacking, as it was outside the scope of this research.  
Thus, the 5% incidence of Stage III pressure injury reported may not reflect the overall 
incidence of pressure injury of this severity, as some cases classified initially as earlier 
stages might have progressed further.  
 
Unfortunately, as the data were collected at the point of admission, it is possible that 
the patient’s condition worsened or improved during the hospital stay.  Nevertheless, 
interventions for pressure injury prevention are generally determined on the admission 
assessments. 
 
Finally, the control for confounders may not have captured the full extent of those that 
occur in clinical settings.  Despite this shortcoming, a case-control design was used 
that involved five matching factors to control for confounders as far is reasonably 
possible.  Furthermore, controlling for five factors is an improvement over most case-
control study designs, which usually control for demographic factors of age and 
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gender, and occasionally include another factor.  This study was not able to assess the 
effect of gender, age, length of stay, surgery, and whether the patients had been to 
ICU or HD on pressure injury as these factors were used as the matching criteria for 
finding a matched control. 
 
7.7 Summary of discussion chapter 
 
This chapter discussed the findings of the systematic review and the case-control 
study in light of the existing literature.  It is possible to conclude that the Braden 
mobility subscale is predictive of pressure injury and can be considered for use in 
this clinical setting as a risk assessment tool.  Recent research supports mobility as a 
comparable risk assessment tool to other validated risk assessment tools and clinical 
judgment.  However, its function in determining preventive interventions is not 
conclusive, presumably because the current practice for initiating preventive 
interventions is based on the Braden scale assessment.  It is unclear whether the 
study findings would differ if preventive interventions were based on assessment of 
the Braden mobility subscale.  No previous research has been conducted that 
examined the intervention of the Braden mobility subscale as a risk assessment tool  
of pressure injury.  Thus, more research is required on this topic.  There was also no 
clear alignment of the preventive interventions to the Braden mobility subscale 
immobility levels, which corresponds to the findings related to the recommended risk 
levels on the Braden scale.  Hence, it appears that “at risk” patients are not receiving 
the appropriate preventive interventions, as in some cases, nearly 70% of those with 
pressure injury, or deemed at risk of developing one, did not receive the 
interventions.  In summary, although findings on the impact of risk assessment scales 
on initiation of preventive measures are not aligned, some support for their effect on 
the initiation of pressure-relieving mattress exists.  However, there is evident lack of 
association between risk assessment scales and turning, indicating that more work 
must be done in order to align research findings with clinical practice and patient 
outcomes. 
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Chapter 8   
Conclusion 
 
The Braden risk assessment scale is used extensively worldwide in many healthcare 
facilities as a tool to identify patients at risk of developing pressure injury and as a 
guide for instituting preventive interventions.  It is also routinely used within an 
acute care tertiary hospital in Singapore.  However, recent evidence is emerging 
questioning the efficacy of its use as a preventive measure in averting pressure 
injury.  As yet, no alternative tool has been proposed that is both effective and 
efficient in preventing pressure injury development.  There have been attempts to 
develop empirically derived risk assessment tools, but these have been inconsistent, 
with many failing to identify significant factors.  Across studies, there has not been a 
singular or composite factor that consistently emerged as being of significance, 
although immobility was noted as potential strong predictor of pressure injury. 
 
As the study was designed to address a clinical problem, Graham’s Knowledge-to-
Action model was chosen as the underpinning conceptual framework.  With the 
model as the basis for guiding the study, there was a strong emphasis on the clinical 
usability of the findings.  The overarching question for this thesis was: Can the 
Braden mobility subscale be used as an alternative to replace the full Braden scale 
for assessing pressure injury risk and determining preventive interventions?  
 
Using the Knowledge-to-action model as the foundation for the focus of the thesis, 
the direction was taken to find evidence relating to pressure injury that can be used to 
improve clinical practice.  At the centre of the Knowledge-to-Action model is a 
circle that encloses an upside down pyramid.  Within the pyramid lies the focus on 
the generation of knowledge, which then funnels into the practice area surrounding 
the circle.  Using the concept stipulated within the inner circle, two sequential phases 
within a mixed-method design were undertaken to answer this question, with the 
findings from the systematic review informing the next stage of the research utilising 
a case-control retrospective chart review design. The first phase consisted of a 
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systematic review of extant literature that explored the issue under study.  The 
findings the systematic review yielded provided evidence on the Braden mobility 
subscale, or other equivalent mobility assessments, as a significant predictor of 
pressure injury.  However, there was insufficient evidence comparing the predictive 
measure of the Braden mobility subscale with that of the widely used Braden scale.  
There was also no evidence on its predictive measure on the initiation of preventive 
interventions.  Thus, a case-control retrospective chart review was undertaken on the 
hospitalised adult patient in an acute care facility in Singapore in order to establish 
evidence of the presence of this relationship. 
 
Although the approach in using mobility assessment alone to identify risk of pressure 
injury may seem simplistic, the more seemingly complex and robust tools have not 
been proven conclusively to reduce pressure injury either.  In some cases, it was even 
suggested that no risk assessment tool was necessary, given that clinical judgment is 
just as effective in reducing pressure injury (Pancorbo-Hidalgo et al., 2006; Saleh et 
al., 2009).  Arguably, clinical judgment lacks structure and may result in inconsistent 
assessment, especially with inexperienced nurses (Pancorbo-Hidalgo et al., 2006).  
The significance of mobility in predicting pressure injury was alluded to in the works 
of Lindgren et al. (2004) and Cox (2010).  However, no studies that compared the 
Braden mobility subscale alone with the Braden risk assessment scale in predicting 
pressure injury were identified during the systematic review. 
 
Thus, the research sought to ascertain whether the Braden mobility subscale is 
predictive of pressure injury with the intent of using it as a risk assessment tool to 
assess patients for risk of pressure injury.  One of the main findings reported here is 
that the Braden mobility subscale appears to be predictive of pressure injury 
development, due to three factors: (1) it is a better predictor of pressure injury than 
the Braden scale; (2) the Braden mobility subscale emerged as the only significant 
predictor of pressure injury when other Braden subscales were included in the 
regression; and (3) compared to other risk factors, the Braden mobility subscale still 
remained a significant predictor of pressure injury of most importance, although 
vasopressors were found to be the first predictor.  Other significant factors were 
having co-morbidity of anaemia and being under the orthopaedic medical care.  
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The Ramstadius scale, which assesses presence or absence of “repositioning without 
assistance” and skin assessment as an assessment of pressure injury risk, has been 
used in Australian healthcare facilities (McErlean et al., 2002).  According to the 
authors, its use was prompted by the clinical need for simplicity in the use of a risk 
assessment tool.  Although the idea of using the Braden mobility subscale alone as a 
risk assessment tool is not novel, the current study has provided some empirical 
evidence and support for using mobility alone as a risk assessment tool.  
Several studies have questioned the use of risk assessment tools in reducing pressure 
injury (Anthony et al., 2010; Webster et al., 2011).  This recommendation is based on 
the premise that it is not the tool that prevents pressure injury from developing, but 
rather the preventive interventions that were put in place following the assessment of 
risk (Anthony et al., 2010).  In the acute care hospital where the present study was 
conducted, preventive interventions are initiated based on the assessment of risk 
using the Braden scale.  In the earlier analysis, this research had established that the 
Braden mobility subscale is a better predictor of pressure injury, when compared to 
the Braden scale, and is the only significant predictor compared to other subscales.  
The next stage of the research set out to ascertain how the Braden mobility subscale 
functions as a predictor of preventive interventions, compared to the Braden scale, in 
the group of patients with pressure injury only.  The main finding of this phase of the 
research is that the Braden mobility subscale (cut-off score ≤ 2, corresponding to 
“very limited mobility”) was comparable to the Braden scale at the recommended 
level only in predicting the initiation of pressure-relieving mattress.  
 
The Braden mobility subscale was not significant for initiating turning plan or orders, 
or availability of turning chart at any immobility levels or at the various dichotomous 
levels.  Although the Braden scale was found to be a significant predictor of turning 
at sporadic risk levels (“very high risk” and “medium risk”), it remained a poor 
predictor of turning at various dichotomous levels.  Investigation into the alignment 
of preventive interventions to the Braden scale at the recommended risk level 
revealed a lack of initiation of turning plan or orders in about 55% of the cases, and 
turning chart in about 60%.  Moreover, compared to the Braden mobility subscale, 
the lack of turning was more marked at about 75%.   
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The present study also aimed to address the gap in the literature regarding the 
efficacy of the risk assessment tools in determining the required preventive 
interventions, as well as to ascertain whether their usage averted pressure injury.  The 
results of the analyses pertaining to these objectives yielded do not add any clarity 
surrounding the relationship between risk assessment, preventive interventions, and 
pressure injury.  This inference was based on the finding that no impact on pressure 
injury was found, regardless of whether the patient received the preventive 
interventions or not based on the risk levels.  This could be due in part to a 
disconnect between planned and actual interventions.  For example, when 2-hourly 
turning plans or orders were instituted, these were not necessarily followed-through.  
In addition, there was also a lack of use of skincare products in about 50% cases.  In-
depth investigation uncovered episodes of inadequate care that highlighted this 
further.  
 
There were some delays noted in the initiation of pressure-relieving mattresses, 
which may have contributed to the skin damage.  There were also occasions in which 
the patient’s condition worsened after the initial assessment on admission ascertained 
using the Braden scale, potentially increasing the risk of pressure injury occurring.  
This changed risk was not always recognised by the nurse, since the Braden scale 
assessment was performed mainly once only, on admission, which might have 
resulted in no preventive interventions being instituted.  It is unclear whether 
worsening condition, having fever or use of diaper may have exacerbated the 
pressure injury.  However, as these were observed in patients with pressure injury 
that were assessed as “high risk” or higher, and “no risk” and “no mobility 
limitation”, this issue should be explored further to identify the contributing factors. 
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8.1 Implications for clinical practice 
 
The results of the systematic review and the retrospective case-control study have 
added to the body of knowledge on hospital-acquired pressure injury and this has 
implications for clinical practice, which are elaborated below. 
The evidence from this research appears to suggest that it is safe to use the Braden 
mobility subscale alone as an assessment tool to identify pressure injury in the adult 
hospitalised patient in an acute care setting (Level III).   
The Braden mobility subscale was found to be predictive of pressure injury at the 
threshold level of “very limited mobility”.  Thus, based on these findings, it is 
recommended that nurses assess patients using the Braden mobility subscale alone 
and classify the patients as “at risk of developing pressure injury” when they are 
rated on the Braden mobility subscale as having “very limited mobility” or 
“immobile”.   
It is also proposed that the hospital administration use and integrate the Braden 
mobility subscale using full descriptors in the nursing assessment processes and 
documentation system. 
Given that the evidence on alignment between the Braden mobility subscale and the 
deployment of pressure-relieving mattress at the threshold level of “immobile” 
appears to be comparable to the recommended Braden scale risk level, the Braden 
mobility subscale can potentially be used as a guide for deploying pressure-relieving 
mattress (Level III).  This finding is suggestive that nurses use the Braden mobility 
subscale as a guide to deploy pressure-relieving mattress when the patient is assessed 
as “immobile”.  However, it is not clear which mattress should be ordered, as at 
present the nurses can chose between Autologic 110 and 200.  Perhaps, most patients 
could use the less expensive pressure-relieving mattress (Autologic 110), reserving 
the use of the more expensive Autologic 200 mattress for those that were identified 
as having the additional risk factors, namely being prescribed vasopressors, being 
orthopaedics patients, and/or suffering from anaemia.   
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The hospital administration would also need to address the issue of the delay in 
initiating the pressure-relieving mattress, by timely ordering of the mattress, or 
shortening the lag time for the vendor to get the mattress set up onto the patient’s 
bed. It is unclear at this stage of the research whether timeliness of the initiation of 
the mattress could reduce pressure injury incidence.  More research is required in this 
area.  
 
There was some evidence that inadequate preventive interventions were being 
instituted according to the Braden scale risk level, which may have exacerbated 
pressure injury.  The inadequacies pertaining to the initiation of the recommended 
preventive interventions were more marked when the Braden mobility subscale was 
used as the predictor of their need.  There was some evidence to suggest that 
appropriately receiving preventive interventions according to the Braden scale may 
not have averted pressure injury (Level III).  As the preventive interventions were 
being instituted based on the Braden scale, it is unclear whether replacing it with the 
Braden mobility subscale would yield better results in appropriately initiating 
preventive interventions.  At this juncture, no recommendations can be made on the 
use of the Braden mobility subscale as a guide for implementing preventive 
interventions.  However, from a pragmatic perspective, should the hospital decide to 
use the Braden mobility subscale alone as an assessment tool for predicting pressure 
injury, it cannot retain the use of the Braden scale for initiating preventive 
interventions.  The evidence for supporting the use of the full Braden scale in 
preventing pressure injury remains scarce. 
 
Based on the evidence suggesting that assessing pressure injury risk only once on 
admission is inadequate (Level III), more frequent assessments are urgently needed 
in this care setting.  However, the question of how often should assessment of 
pressure injury risk be performed remains unanswered.  From a clinical perspective, 
re-assessing pressure injury risk when there is a change of condition/mobility should 
be given due consideration.  Given that assessment of mobility is being conducted 
almost at every shift, more frequent assessments of pressure injury risk would be 
viable when linked to the hospital’s current practice for assessing the mobility status 
of the patient. 
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Based on the findings from the studies reported in this thesis, the proposed process 
for assessing pressure injury risk using the Braden mobility subscale and the 
algorithm for instituting preventive interventions are graphically presented in Figure 
8.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ‘* Order autologic 200 for those with vasopressors, with orthopaedic conditions, or anaemia 
Figure 8.1 Proposed process for assessing pressure injury risk and algorithm on 
instituting preventive interventions 
 
 
Assess patient using the Braden 
mobility subscale: 
x On admission 
x Change of condition 
x Daily 
Immobile 
Initiate as appropriate: 
x Pressure-relieving 
mattress* 
x 2-hourly turning 
schedules 
x During repositioning: 
o Perform moisture care 
(apply skincare 
product) 
o Avoid friction and 
shear 
o Use protective devices 
as appropriate 
(wedges or pillows, 
heels off bed or 
floated) 
Very limited 
mobility 
Initiate as appropriate: 
x 2-hourly turning 
schedules 
x During repositioning: 
o Perform moisture care 
(apply skincare 
product) 
o Avoid friction and 
shear 
o Use protective devices 
as appropriate 
(wedges or pillows, 
heels off bed or 
floated) 
Slightly limited 
mobility and 
no limitation 
No 
interventions 
required 
x Assess skin condition daily 
x Refer to nutritional risk assessment 
when assessed as “immobile” or having 
“very limited mobility” 
x Document assessment and nursing 
care rendered 
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8.2 Implications for future research 
 
 
In view of the limitations to the retrospective design of this study, a prospective 
design with a larger sample size that can address the limitations of a retrospective 
study is needed to adequately compare the predictive measure of the Braden scale 
and the Braden mobility subscale. . The findings can then be used to inform the 
development of a large implementation study, using intervention and control sites. 
 
Further research is also needed to investigate the reasons for the nurses not 
implementing the relevant preventive interventions identified during the risk 
assessment.  It is the notion that using a qualitative study design, such as a “think 
aloud” method, it may be possible to ascertain and compare the alignment between 
the Braden mobility subscale or Braden scale and preventive interventions.  The 
“think aloud” method is a study of covert verbal behaviour that involves participants 
verbalising their thought processes when solving a problem (Austin & Delaney, 
1998; Ericsson & Simon, 1993; Van Someren, Barnard, & Sandberg, 1994).  
Ericsson and Simon (1993) have suggested that this method is of relevance to 
nursing in studying the perceptual-motor level of nurses’ performance.  This could be 
achieved by using clinical vignettes and assessment of Braden mobility subscale. 
 
In view of the substantial number of unreported pressure injury events, a point 
prevalence study was suggested to ensure a more accurate data.  With reliable data, a 
more accurate view of the pressure injury situation can be obtained.  This could 
translate into more appropriate response to the actual patient needs, with potential for 
improving clinical outcomes.  The point prevalence study was conducted at this 
study hospital and data collection was completed in May 2013, with the sample 
comprising of in the medical, surgical, orthopaedic, high dependency, and intensive 
care units of the hospital.  The results of this study is not be reported here as it is 
outside the scope of this PhD. 
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8.3 Concluding remarks 
 
Risk assessment scales have been widely used in healthcare settings.  However, their 
effectiveness in reducing pressure injury remains questionable.  The risk assessment 
scales currently in use, such as the Braden scale, involve complex psychometric 
scoring comprising many subscales.  Anthony at al. (2010) called for a less complex 
method for assessing pressure injury risk.  Yet, guidelines still recommend the use of 
validated risk assessment tools, even though such comprehensive assessments lack 
clear operational definition of the scoring systems and their implications for patient 
care.  As, historically, the components of the scales used to assess pressure injury 
risk often failed to yield direct care interventions, requiring the nurses to perform 
other assessments in order to direct care interventions defeats the purpose of using a 
risk assessment scale.  Interventions currently employed to prevent pressure injury 
include alleviating pressure by turning and repositioning, use of support surfaces, 
managing moisture, managing friction and shear, and optimising nutrition (Braden, 
2001; Institute for Healthcare Improvement, 2012).  Turning and repositioning, and 
use of support surfaces, are recommended in those assessed with mobility 
impairment (Joanna Briggs Institute, 2008).  It is a practice in the clinical setting that, 
when turning and reposition is performed, concurrent management of moisture is 
undertaken, and care taken to prevent friction and shear in the patient who is mobility 
impaired.  Thus, it is deemed unnecessary to have an assessment of moisture and 
friction and shear when this practice is intrinsic when turning or repositioning is 
performed at the bedside.  Pressure injury prevention guidelines recommend the use 
of a separate validated nutrition assessment to determine and manage nutritional risk.  
In this acute care hospital, nutritional risk is assessed using a validated nutritional 
assessment.  Thus, assessment of nutrition using the Braden scale is redundant and is 
thus not used in the hospital to assess for nutritional risk.  From a clinical 
perspective, assessment of mobility alone would have covered a substantial 
proportion of the preventive interventions required.  Thus, this research was designed 
in order to provide evidence on the suitability of the potential use of the Braden 
mobility subscale alone as a pressure injury risk assessment tool. 
 
There has been neither systematic review nor studies evaluating the use (exposure) of 
mobility alone on pressure injury undertaken prior to this study; therefore, this 
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systematic review on mobility is a first attempt to shed light on this important issue.  
To the researcher’s knowledge, there have been no previous studies examining the 
alignment of the preventive interventions to the assessments of Braden scale and 
Braden mobility subscale and its impact on pressure injury.  This study has provided 
some insights into the alignment between the three variables. 
 
This thesis is able to conclude that, in the population studied within this research, it is 
safe to use the Braden mobility subscale as a risk assessment tool, as it was found 
superior to the currently employed Braden scale.  However, as the practice of 
initiation of preventive interventions is currently based on the Braden scale, it 
remains to be seen whether establishing the use of the Braden mobility subscale to 
determine the preventive interventions would generate the same results.  From a 
clinical perspective, the use of the Braden mobility subscale is a more efficient, 
meaningful, and a more sustainable option to using the Braden scale.  Although it 
may seem too simplistic, its use should be given serious consideration in the face of 
other well-established validated risk assessment scales that are available today. 
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Fi
nd
in
gs
 fr
om
 L
ite
ra
tu
re
 
1.
 
B
ra
de
n 
as
se
ss
m
en
t c
on
du
ct
ed
 
on
ly
 o
n 
ad
m
is
si
on
 a
nd
 u
po
n 
or
de
r o
f A
P 
m
at
tre
ss
. 
A
s 
ch
an
ge
 o
f c
on
di
tio
n 
w
ou
ld
 
no
t b
e 
de
te
ct
ed
, a
pp
ro
pr
ia
te
 
in
te
rv
en
tio
ns
 w
ou
ld
 n
ot
 b
e 
im
pl
em
en
te
d 
in
 a
 ti
m
el
y 
m
an
ne
r. 
N
ee
d 
to
 d
et
er
m
in
e 
ap
pr
op
ria
te
 
fre
qu
en
cy
 fo
r c
on
du
ct
in
g 
Br
ad
en
 
as
se
ss
m
en
t. 
K
Q
: S
ho
ul
d 
B
ra
de
n 
be
 u
se
d 
ac
ro
ss
 
th
e 
bo
ar
d 
fo
r a
ll 
pa
tie
nt
s?
  
S
ho
ul
d 
B
ra
de
n 
be
 re
m
ov
ed
 fr
om
 th
e 
ad
m
is
si
on
 a
ss
es
sm
en
t?
 
W
ha
t a
re
 th
e 
ap
pr
op
ria
te
 tr
ig
ge
rs
 fo
r 
in
iti
at
in
g 
B
ra
de
n 
as
se
ss
m
en
t?
  
Th
er
e 
is
 n
o 
do
ub
t t
ha
t B
ra
de
n 
is
 a
 re
lia
bl
e 
R
A
S
. A
 s
ys
te
m
at
ic
 re
vi
ew
 P
an
co
rb
o-
H
id
al
go
 (2
00
6)
 fo
un
d 
22
 s
tu
di
es
 th
at
 
va
lid
at
ed
 B
ra
de
n 
to
 g
iv
e 
th
e 
be
st
 b
al
an
ce
 
of
 S
en
si
tiv
ity
 &
 S
pe
ci
fic
ity
. 
S
ys
te
m
at
ic
 re
vi
ew
 b
y 
M
oo
re
 a
nd
 C
ow
m
an
 
(2
00
8)
 fo
un
d 
no
 R
C
Ts
 o
n 
ef
fe
ct
 o
f R
A
S
 
on
 P
U
 in
ci
de
nc
e.
 
P
an
co
rb
o-
H
id
al
go
 (2
00
6)
 id
en
tif
ie
d 
tw
o 
st
ud
ie
s 
on
 N
or
to
n 
vs
. C
lin
ic
al
 ju
dg
m
en
t, 
re
ve
al
in
g 
no
 d
iff
er
en
ce
 in
 P
U
.  
A
cc
or
di
ng
 to
 S
al
eh
 e
t a
l. 
(2
00
9)
, C
lin
ic
al
 
Ju
dg
m
en
t i
s 
at
 le
as
t a
s 
si
gn
ifi
ca
nt
 a
s 
B
ra
de
n 
R
A
S
 in
 re
du
ci
ng
 P
U
 d
ue
 to
 
H
aw
th
or
ne
 e
ffe
ct
. H
ow
ev
er
, t
he
 e
ffe
ct
 
co
ul
d 
al
so
 b
e 
du
e 
to
 th
e 
tra
in
in
g 
on
 P
U
 
in
te
rv
en
tio
ns
. 
P
oi
nt
s 
to
 p
on
de
r: 
A
dd
iti
on
al
 Q
ue
st
io
ns
 
ar
is
e 
fro
m
 S
al
eh
’s
 re
su
lts
. S
ho
ul
d 
R
A
S 
ev
en
 b
e 
us
ed
? 
M
ag
na
n 
an
d 
M
ak
le
bu
st
 (2
00
9)
 fo
un
d 
lik
el
ih
oo
d 
of
 n
ur
se
s 
en
do
rs
in
g 
pr
ev
en
tiv
e 
in
te
rv
en
tio
ns
 b
as
ed
 o
n 
th
e 
m
ob
ilit
y 
su
bs
ca
le
 w
as
 s
ig
ni
fic
an
t a
nd
 re
su
lte
d 
in
 
th
e 
gr
ea
te
st
 n
um
be
r o
f i
nt
er
ve
nt
io
ns
 
en
do
rs
ed
 (7
 o
ut
 o
f 1
0 
in
te
rv
en
tio
ns
) 
co
m
pa
re
d 
to
 o
th
er
 s
ub
sc
al
es
 
Li
nd
gr
en
 e
t a
l. 
(2
00
4)
 fo
un
d 
im
m
ob
ilit
y 
a 
st
ro
ng
 ri
sk
 fa
ct
or
 o
f t
he
 R
A
P
S 
sc
al
e 
 18
1 
 No
. 
C
ur
re
nt
 P
ra
ct
ic
e 
 
Pr
ob
le
m
 
An
al
ys
is
 
Fi
nd
in
gs
 fr
om
 L
ite
ra
tu
re
 
(M
od
ifi
ed
 N
or
to
n)
. (
O
R
 =
 0
.5
3.
 9
5%
 C
I: 
0.
33
, 0
.8
6,
 p
 =
 0
.0
11
, b
as
ed
 o
n 
m
ul
tip
le
 
st
ep
w
is
e 
lo
gi
st
ic
 re
gr
es
si
on
 a
na
ly
si
s.
 
K
Q
: C
an
 a
ss
es
sm
en
t o
f m
ob
ilit
y 
al
on
e 
be
 
su
ffi
ci
en
t t
o 
in
st
itu
te
 a
de
qu
at
e 
pr
ev
en
tiv
e 
in
te
rv
en
tio
ns
 fo
r P
U
? 
W
ou
ld
 it
 u
nd
er
 o
r 
ov
er
-im
pl
em
en
t P
U
 in
te
rv
en
tio
ns
 
co
m
pa
re
d 
to
 B
ra
de
n 
sc
al
e?
 C
an
 th
e 
m
ob
ilit
y 
se
ve
rit
y 
sc
or
e 
be
 u
se
d 
to
 
de
te
rm
in
e 
th
e 
ap
pr
op
ria
te
ne
ss
 o
f t
he
 
m
at
tre
ss
 u
se
 c
om
pa
re
d 
to
 B
ra
de
n 
sc
al
e?
 
R
Q
:  C
om
pa
re
 B
ra
de
n 
fo
r s
ca
le
 ≤
 1
6 
& 
m
ob
ilit
y 
sc
or
e 
≤ 
3 
fo
r n
ur
si
ng
 
in
te
rv
en
tio
ns
. M
ag
na
n 
an
d 
M
ak
le
bu
st
 
(2
00
9)
 d
id
 n
ot
 c
or
re
la
te
 th
e 
su
bs
ca
le
 
sc
or
e 
to
 B
ra
de
n.
 
R
Q
: E
xp
lo
re
 u
til
ity
 o
f m
ob
ilit
y 
se
ve
rit
y 
sc
or
e 
ag
ai
ns
t B
ra
de
n 
sc
or
e 
fo
r i
ns
tit
ut
in
g 
ap
pr
op
ria
te
 m
at
tre
ss
. 
Fi
sh
er
, W
el
ls
, a
nd
 H
ar
ris
on
 (2
00
4)
 fo
un
d 
m
ob
ilit
y 
su
bs
ca
le
 to
 b
e 
si
gn
ifi
ca
nt
ly
 
as
so
ci
at
ed
 w
ith
 P
U
 (O
R
 =
 5
.3
0,
 9
5%
 C
I: 
5.
29
, 5
.3
2)
 u
si
ng
 u
ni
va
ria
te
 te
st
in
g.
 H
ig
h 
pe
rc
en
ta
ge
 o
f p
at
ie
nt
s 
w
ith
 P
U
 h
ad
 li
m
ite
d 
m
ob
ilit
y,
 w
hi
le
 h
ig
h 
pr
op
or
tio
n 
of
 n
on
-P
U
 
ha
d 
no
 m
ob
ilit
y 
im
pa
irm
en
t. 
Lo
gi
st
ic
 
re
gr
es
si
on
 o
f d
ic
ho
to
m
ou
s 
B
ra
de
n 
su
bs
ca
le
 w
ith
 d
ic
ho
to
m
ou
s 
de
pe
nd
en
t 
va
ria
bl
e 
(S
ta
ge
 II
 P
U
 &
 a
bo
ve
) i
nd
ic
at
ed
 
no
 s
ig
ni
fic
an
t r
el
at
io
ns
hi
p 
be
tw
ee
n 
m
ob
ilit
y 
an
d 
P
U
 (O
R
 =
1.
36
, 9
5%
 C
I: 
0.
90
7,
 2
.0
3,
 p
 =
 0
.1
4)
. A
ut
ho
r a
ttr
ib
ut
es
 
th
e 
re
po
rte
d 
fin
di
ng
s 
to
 p
at
ie
nt
s 
re
ce
iv
in
g 
 18
2 
 No
. 
C
ur
re
nt
 P
ra
ct
ic
e 
 
Pr
ob
le
m
 
An
al
ys
is
 
Fi
nd
in
gs
 fr
om
 L
ite
ra
tu
re
 
pr
oa
ct
iv
e,
 p
re
ve
nt
iv
e 
in
te
rv
en
tio
ns
. 
K
Q
: W
ou
ld
 c
ol
la
ps
in
g 
th
e 
m
ob
ilit
y 
sc
or
e 
ha
ve
 a
ffe
ct
ed
 th
e 
O
R
? 
2.
 
G
en
er
ic
 s
ys
te
m
 a
ss
es
sm
en
t, 
in
cl
ud
in
g 
sk
in
 c
on
di
tio
n,
 
nu
tri
tio
n,
 m
ob
ilit
y,
 e
tc
., 
w
as
 
co
nd
uc
te
d 
du
rin
g 
ev
er
y 
sh
ift
. 
O
nl
y 
ad
ve
rs
e 
ou
tc
om
e 
no
te
d 
in
 a
ss
es
sm
en
t. 
In
te
rv
en
tio
n 
is
 
sy
m
pt
om
 b
as
ed
, r
at
he
r t
ha
n 
lin
ke
d 
to
 B
ra
de
n 
sc
or
in
g.
 
N
ee
d 
to
 in
co
rp
or
at
e 
B
ra
de
n 
as
se
ss
m
en
t i
nt
o 
N
ur
si
ng
 
A
ss
es
sm
en
t p
ro
ce
ss
 in
 o
rd
er
 to
 
id
en
tif
y 
pa
tie
nt
 a
t r
is
k 
fo
r d
ev
el
op
in
g 
P
U
. 
 
3.
 
E
xc
ep
t f
or
 th
e 
us
e 
of
 m
at
tre
ss
es
 
be
in
g 
lin
ke
d 
to
 th
e 
Br
ad
en
 
sc
or
e,
 s
ta
nd
ar
d 
pr
ev
en
tio
n 
m
ea
su
re
s 
w
as
 in
st
itu
te
d 
in
 S
O
P
 
fo
r p
t a
t r
is
k 
fo
r P
U
. T
he
se
 
in
cl
ud
ed
 2
-h
ou
rly
 tu
rn
in
g,
 
sk
in
ca
re
, c
or
re
ct
 li
fti
ng
 
te
ch
ni
qu
e 
(u
se
 s
lid
e 
sh
ee
t),
 
av
oi
da
nc
e 
of
 s
he
ar
in
g,
 u
se
 o
f 
pi
llo
w
s 
be
tw
ee
n 
bo
ny
 
pr
om
in
en
ce
s,
 ta
ki
ng
 p
at
ie
nt
s 
ou
t 
of
 b
ed
 a
t l
ea
st
 o
nc
e 
pe
r d
ay
, 
an
d 
sh
ift
in
g 
w
ei
gh
t e
ve
ry
 1
5 
m
in
ut
es
. A
dd
iti
on
al
ly
, s
ki
n 
w
as
 
in
sp
ec
t e
d 
w
he
n 
pl
ac
in
g 
th
e 
pa
tie
nt
 b
ac
k 
to
 b
ed
, s
ki
n 
& 
hy
gi
en
e 
ca
re
 c
on
du
ct
ed
 a
t l
ea
st
 
on
ce
 p
er
 s
hi
ft 
an
d 
w
he
ne
ve
r 
ne
ce
ss
ar
y 
(b
ar
rie
r c
re
am
 
ap
pl
ie
d 
to
 a
re
as
 fr
eq
ue
nt
ly
 
ex
po
se
d 
to
 m
oi
st
ur
e)
, d
ie
ta
ry
 
re
fe
rr
al
 w
as
 m
ad
e 
if 
nu
tri
tio
na
l 
sc
or
e 
> 
4,
 a
nd
 p
hy
si
ot
he
ra
py
 
in
iti
at
ed
 if
 m
ob
ilit
y 
st
at
us
 
di
ct
at
ed
 th
e 
ne
ed
. 
N
o 
in
di
ca
tio
n 
in
 th
e 
SO
P 
w
he
n 
to
 in
st
itu
te
 th
e 
in
te
rv
en
tio
ns
. 
O
nl
y 
a 
lis
tin
g 
of
 p
re
ve
nt
iv
e 
in
te
rv
en
tio
ns
 w
as
 in
cl
ud
ed
.  
A
lth
ou
gh
 B
ra
de
n 
pr
ov
id
es
 
re
co
m
m
en
da
tio
ns
 o
n 
in
te
rv
en
tio
ns
, i
t s
ee
m
s 
to
 
re
co
m
m
en
d 
in
st
itu
tin
g 
al
l a
nd
 
sa
m
e 
in
te
rv
en
tio
ns
 a
cr
os
s 
al
l 
ris
k 
sc
or
es
 (e
xc
ep
t f
or
 
m
at
tre
ss
es
). 
It 
al
so
 
re
co
m
m
en
ds
 a
dd
iti
on
al
 
in
te
rv
en
tio
ns
 b
as
ed
 o
n 
th
e 
su
bs
ca
le
 a
ss
es
sm
en
ts
 o
n 
m
oi
st
ur
e,
 n
ut
rit
io
n,
 a
nd
 fr
ic
tio
n 
&
 s
he
ar
. A
ga
in
, t
he
re
 is
 n
o 
di
ffe
re
nt
ia
tio
n 
in
 th
e 
de
gr
ee
 o
f 
in
te
rv
en
tio
n 
ba
se
d 
on
 th
e 
su
bs
ca
le
 s
co
re
s.
 
K
Q
: O
th
er
 th
an
 fo
r A
P 
m
at
tre
ss
, w
ha
t 
in
te
rv
en
tio
n 
sh
ou
ld
 b
e 
pu
t i
n 
pl
ac
e 
ba
se
d 
on
 th
e 
B
ra
de
n 
sc
or
e 
or
 
su
bs
ca
le
 s
co
re
? 
K
Q
: D
oe
s 
th
is
 in
te
rv
en
tio
n 
ha
ve
 a
ny
 
ef
fe
ct
 o
n 
P
U
 o
ut
co
m
e?
 
In
 th
e 
A
H
R
Q
 p
ub
lic
at
io
n,
 th
e 
U
S
 C
en
tre
 
fo
r M
ed
ic
ar
e 
& 
M
ed
ic
ai
d 
se
rv
ic
es
 
in
di
ca
te
s 
th
at
 w
e 
sh
ou
ld
 “c
on
si
de
r a
ll 
ris
k 
fa
ct
or
s 
in
de
pe
nd
en
t o
f t
he
 s
co
re
 o
bt
ai
ne
d 
on
 a
ny
 v
al
id
at
ed
 p
re
ss
ur
e 
ul
ce
r p
re
di
ct
io
n 
sc
al
es
 b
ec
au
se
 a
ll 
fa
ct
or
s 
ar
e 
no
t f
ou
nd
 
on
 a
ny
 o
ne
 to
ol
” (
Ly
de
r &
 A
ye
llo
, 2
00
8,
 p
. 
4)
. 
M
ag
na
n 
an
d 
M
ak
le
bu
st
 (2
00
9)
 s
tu
di
ed
 
re
la
tio
ns
hi
p 
be
tw
ee
n 
nu
rs
in
g 
in
te
rv
en
tio
ns
 
an
d 
su
bs
ca
le
 s
co
re
s.
 B
as
ed
 o
n 
th
is
 s
tu
dy
, 
it 
is
 p
os
si
bl
e 
to
 m
ap
 in
te
rv
en
tio
ns
 to
 
B
ra
de
n 
su
bs
ca
le
 s
co
re
s.
 H
ow
ev
er
, i
t d
id
 
no
t m
ea
su
re
 im
pa
ct
 o
f t
he
se
 in
te
rv
en
tio
ns
 
on
 P
U
. 
R
Q
: I
f i
nt
er
ve
nt
io
n 
is
 im
pl
em
en
te
d 
ba
se
d 
on
 th
is
 m
od
el
, w
ou
ld
 it
 h
av
e 
an
y 
ef
fe
ct
 o
n 
P
U
 in
ci
de
nc
e?
 A
re
 th
er
e 
m
or
e 
st
ud
ie
s 
si
m
ila
r t
o 
th
is
 o
ne
, o
r a
ny
 th
at
 m
ea
su
re
 it
s 
im
pa
ct
 o
n 
P
U
? 
 18
3 
 No
. 
C
ur
re
nt
 P
ra
ct
ic
e 
 
Pr
ob
le
m
 
An
al
ys
is
 
Fi
nd
in
gs
 fr
om
 L
ite
ra
tu
re
 
4.
 
U
se
 A
P
 m
at
tre
ss
 fo
r v
er
y 
hi
gh
 to
 
m
od
er
at
el
y 
hi
gh
 ri
sk
 p
at
ie
nt
s.
 
Fr
om
 y
ea
r 2
00
8,
 s
lo
w
ly
 p
ha
si
ng
 
in
 u
se
 o
f P
en
ta
fle
x 
m
at
tre
ss
 fo
r 
m
od
er
at
e 
to
 h
ig
h 
ris
k 
pa
tie
nt
s.
 
In
 4
3%
 c
as
es
 A
P
 m
at
tre
ss
 
in
tro
du
ce
d  
on
ly
 a
fte
r P
U
 
de
ve
lo
pe
d.
  
36
%
 o
f p
at
ie
nt
s 
ha
d 
no
 
m
at
tre
ss
 
45
%
 s
co
re
d 
=<
12
 o
n 
B
ra
de
n 
67
%
 s
co
re
d 
=<
16
 o
n 
B
ra
de
n 
19
%
 s
co
re
d 
15
-1
6 
14
%
 s
co
re
d 
17
-2
3 
P
os
si
bl
e 
re
as
on
 b
eh
in
d 
th
es
e 
fin
di
ng
s 
co
ul
d 
be
 th
at
 n
ur
se
s:
 
i) 
D
id
 n
ot
 a
ss
es
s 
ac
cu
ra
te
ly
 
ii)
  p
at
ie
nt
 c
on
di
tio
n 
ha
s 
ch
an
ge
d 
bu
t 
no
 re
as
se
ss
m
en
t w
as
 p
er
fo
rm
ed
 
iii
) 
R
ea
ss
es
sm
en
t o
nl
y 
af
te
r P
U
 
de
ve
lo
ps
 (o
rd
er
 o
r A
P
 m
at
tre
ss
 
re
qu
ire
s 
su
bm
is
si
on
 o
f B
ra
de
n 
sc
or
e)
 
Tr
an
sl
at
io
n 
pr
ob
le
m
, w
hi
ch
 n
ee
ds
 to
 
be
 re
so
lv
ed
 a
t a
 la
te
r s
ta
ge
 o
f t
he
 
pr
oj
ec
t. 
 
P
an
co
rb
o-
H
id
al
go
 e
t a
l. 
(2
00
6)
 re
ve
al
ed
 
th
at
 N
or
to
n 
sc
or
e 
lin
ke
d 
to
 m
at
tre
ss
 u
se
, 
re
du
ce
d 
P
U
 in
ci
de
nc
e.
 
 
5.
 
U
se
 o
f d
ia
pe
rs
 fo
r p
at
ie
nt
s 
w
ith
 
in
co
nt
in
en
ce
 
72
%
 o
f p
at
ie
nt
s 
w
ith
 P
U
 h
ad
 
us
e 
of
 d
ia
pe
rs
 d
oc
um
en
te
d 
in
 
th
e 
pa
tie
nt
’s
 m
ed
ic
al
 re
co
rd
. 
H
ow
ev
er
, 7
0 
ha
d 
no
rm
al
 s
ki
n 
(1
9 
m
is
si
ng
 v
al
ue
s)
. M
oi
st
ur
e 
su
bs
ca
le
 in
di
ca
te
d 
th
at
 6
%
 o
f 
th
e 
pa
tie
nt
s 
ha
d 
m
oi
st
 &
 v
er
y 
m
oi
st
 s
ki
n,
 w
hi
le
 2
8%
 h
ad
 
oc
ca
si
on
al
ly
 m
oi
st
 s
ki
n 
It 
is
 u
nc
le
ar
 w
he
th
er
 th
is
 is
 a
n 
is
su
e,
 
as
 it
 d
oe
s 
no
t s
ee
m
 th
at
 th
e 
di
ap
er
 
ha
d 
in
cr
ea
se
d 
th
e 
m
oi
st
ur
e 
le
ve
l. 
S
ee
 A
P
 m
at
tre
ss
 –
 P
re
su
m
in
g 
th
e 
sc
or
es
 a
re
 c
or
re
ct
, c
ou
ld
 th
e 
di
ap
er
 
ha
ve
 b
ee
n 
a 
co
nt
rib
ut
in
g 
fa
ct
or
, e
ve
n 
th
ou
gh
 m
oi
st
ur
e 
le
ve
l d
id
 n
ot
 s
ee
m
 to
 
ha
ve
 in
cr
ea
se
d 
si
gn
ifi
ca
nt
ly
? 
It 
w
as
 
no
te
d 
th
at
 th
e 
sk
in
 c
on
di
tio
n 
re
m
ai
ne
d 
no
rm
al
 fo
r t
he
 m
aj
or
ity
 o
f 
pa
tie
nt
s.
 
M
ag
na
n 
an
d 
M
ak
le
bu
st
 (2
00
9)
 re
po
rte
d 
th
e 
pa
tie
nt
s 
w
ho
 w
as
 a
ss
es
se
d 
as
 h
av
in
g 
“c
on
st
an
tly
 m
oi
st
” (
sc
or
e 
of
 1
) a
nd
 “m
oi
st
” 
(s
co
re
 o
f 2
) s
ki
n 
w
as
 m
or
e 
lik
el
y 
to
 h
av
e 
nu
rs
es
 e
nd
or
se
 in
iti
at
io
n 
of
 p
re
ve
nt
iv
e 
in
te
rv
en
tio
ns
 to
 p
ro
te
ct
 s
ki
n 
fro
m
 
m
oi
st
ur
e.
 
K
Q
: K
ey
 q
ue
st
io
n 
R
Q
: R
es
ea
rc
h 
qu
es
tio
n 
R
A
S
: R
is
k 
as
se
ss
m
en
t s
ca
le
 
P
U
: P
re
ss
ur
e 
ul
ce
r (
pr
es
su
re
 in
ju
ry
) 
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Appendix C:  Ethics Approval Letters for Conduct of 
Research 
 
Deakin University Human Research Ethics Committee approval letter 
for conduct of research 
 
Systematic review approval letter 
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Case-control study approval letter 
 186 
 
Resubmission of Case-control Study Ethics Approval Letter 
 
The modifications relate to: 
  
1.       Additional variables to include other risk factors added to the data collection form. 
2.       Increase in the sample size from 140 to 200. 
3.       Access to additional databases: eIMR and CPSS. 
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Domain Specific Review Board, National Healthcare Group, Singapore 
Approval Letter for Conduct of Research
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Appendix F:  Search Strategy 
 
CINAHL Database Search 
                                                    Sunday, October 03, 2011 9:51:04 PM  
#  Query  Limiters/Expanders  Last Run Via  Results  
S6 S1 and S5  
Limiters - Published Date from: 
20000101-20101004  
Search modes - Boolean/Phrase  
Interface - EBSCOhost  
Search Screen - Advanced Search  
Database - CINAHL with Full Text  
1188  
S5 S2 or S3 or S4  Search modes - Boolean/Phrase  
Interface - EBSCOhost  
Search Screen - Advanced Search  
Database - CINAHL with Full Text  
119144  
S4 TX ( Braden AND assessment ) or AB ( Braden AND assessment )  Search modes - Boolean/Phrase  
Interface - EBSCOhost  
Search Screen - Advanced Search  
Database - CINAHL with Full Text  
1365  
S3 TX "Braden scale" or AB "Braden scale"  Search modes - Boolean/Phrase  
Interface - EBSCOhost  
Search Screen - Advanced Search  
Database - CINAHL with Full Text  
848  
S2 TX (Risk AND Assessment#) or AB (Risk AND Assessment#)  Search modes - Boolean/Phrase  
Interface - EBSCOhost  
Search Screen - Advanced Search  
Database - CINAHL with Full Text  
118982  
S1 (MM "Pressure Ulcer")  
Limiters - Published Date from: 
-20100931  
Search modes - Boolean/Phrase  
Interface - EBSCOhost  
Search Screen - Advanced Search  
Database - CINAHL with Full Text  
4955  
 
 
Medline Database Search 
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Academic Search Complete Database Search 
Wednesday, February 02, 2011 5:32:04 AM 
#  Query  Limiters/Expanders  Last Run Via  Results  
S6  S1 and S5  
Limiters - Published 
Date from: 
20000101-20101231  
Search modes - 
Boolean/Phrase  
Interface - EBSCOhost  
Search Screen - Advanced Search  
Database - Academic Search 
Complete  
372 
S5  S2 or S3 or S4  Search modes - Boolean/Phrase  
Interface - EBSCOhost  
Search Screen - Advanced Search  
Database - Academic Search 
Complete  
443240 
S4  
TX ( Braden AND 
assessment# ) or AB ( 
Braden AND 
assessment# )  
Search modes - 
Boolean/Phrase  
Interface - EBSCOhost  
Search Screen - Advanced Search  
Database - Academic Search 
Complete  
1618 
S3  TX Braden scale or AB Braden scale  
Search modes - 
Boolean/Phrase  
Interface - EBSCOhost  
Search Screen - Advanced Search  
Database - Academic Search 
Complete  
279  
S2  
TX ( risk AND 
assessment# ) or AB ( 
risk AND assessment# 
)  
Search modes - 
Boolean/Phrase  
Interface - EBSCOhost  
Search Screen - Advanced Search  
Database - Academic Search 
Complete  
442724 
S1  DE "BEDSORES"  
Limiters - Published 
Date from: 
20000101-20101231  
Search modes - 
Boolean/Phrase  
Interface - EBSCOhost  
Search Screen - Advanced Search  
Database - Academic Search 
Complete  
886 
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Global Health Database Search 
                                                        Sunday, October 03, 2010 11:26:30 PM 
#  Query  Limiters/Expanders  Last Run Via  Results  
S9  S4 and S8  
Limiters - 
Publication Year 
from: 2000-2010  
Search modes - 
Boolean/Phrase  
Interface - EBSCOhost  
Search Screen - Advanced Search  
Database - Global Health  
28 
S8  S5 or S6 or S7  Search modes - Boolean/Phrase  
Interface - EBSCOhost  
Search Screen - Advanced Search  
Database - Global Health  
29034 
S7  
TX ( Braden AND 
assessment# ) or AB ( 
Braden AND 
assessment# )  
Search modes - 
Boolean/Phrase  
Interface - EBSCOhost  
Search Screen - Advanced Search  
Database - Global Health  
4  
S6  TX Braden scale or AB Braden scale  
Search modes - 
Boolean/Phrase  
Interface - EBSCOhost  
Search Screen - Advanced Search  
Database - Global Health  
7 
S5  
TX ( risk AND 
assessment# ) or AB ( 
risk AND assessment# ) 
Search modes - 
Boolean/Phrase  
Interface - EBSCOhost  
Search Screen - Advanced Search  
Database - Global Health  
29027 
S4  S1 or S2 or S3  Search modes - Boolean/Phrase  
Interface - EBSCOhost  
Search Screen - Advanced Search  
Database - Global Health  
227 
S3  TX "decubitus ulcer#" or AB "decubitus ulcer#"  
Search modes - 
Boolean/Phrase  
Interface - EBSCOhost  
Search Screen - Advanced Search  
Database - Global Health  
76 
S2  TX bedsores or AB bedsores  
Search modes - 
Boolean/Phrase  
Interface - EBSCOhost  
Search Screen - Advanced Search  
Database - Global Health  
17 
S1  TX "pressure ulcer#" or AB "pressure ulcer#"  
Search modes - 
Boolean/Phrase  
Interface - EBSCOhost  
Search Screen - Advanced Search  
Database - Global Health  
141 
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Health Source Nursing/ Academic Edition Database 
Search 
                                             Wednesday, February 02, 2011 6:11:44 AM 
#  Query  Limiters/Expanders  Last Run Via  Results  
S6  S1 and S5  
Limiters - Published 
Date from: 
20000101-
20101231  
Search modes - 
Boolean/Phrase  
Interface - EBSCOhost  
Search Screen - Advanced Search  
Database - Health Source: 
Nursing/Academic Edition  
277 
S5  S2 or S3 or S4  Search modes - Boolean/Phrase  
Interface - EBSCOhost  
Search Screen - Advanced Search  
Database - Health Source: 
Nursing/Academic Edition  
133408 
S4  
TX ( Braden AND 
assessment# ) or AB 
( Braden AND 
assessment# )  
Search modes - 
Boolean/Phrase  
Interface - EBSCOhost  
Search Screen - Advanced Search  
Database - Health Source: 
Nursing/Academic Edition  
596 
S3  TX Braden scale or AB Braden scale  
Search modes - 
Boolean/Phrase  
Interface - EBSCOhost  
Search Screen - Advanced Search  
Database - Health Source: 
Nursing/Academic Edition  
224 
S2  
TX ( risk AND 
assessment# ) or AB 
( risk AND 
assessment# )  
Search modes - 
Boolean/Phrase  
Interface - EBSCOhost  
Search Screen - Advanced Search  
Database - Health Source: 
Nursing/Academic Edition  
133282 
S1  SU bedsores  Search modes - Boolean/Phrase  
Interface - EBSCOhost  
Search Screen - Advanced Search  
Database - Health Source: 
Nursing/Academic Edition  
865 
 
Current Contents Database Search 
 
Initi
 265 
 
EMBASE Database Search 
 
ID Search     Results  Date of 
Search 
 
7 #1 AND #5 (2000-2010)/py  787   04 Oct 
2010 
6 #1 AND #5     1201   04 Oct 
2010 
5 #2 OR #3 OR #4    371815  04 Oct 
2010 
4 risk AND assessment OR  371702  04 Oct 
2010 
 (risk AND assessments)    
3 ‘braden scale’/de    183   04 Oct 
2010 
2 braden AND assessment   317   04 Oct 
2010 
1 ‘decubitus’/mj    7556   04 Oct 
2010 
 
 
 
 
Science Citation Index Expanded (SCI-EXPANDED) 
Database Search 
 
 
 
 
 
 266 
 
Cochrane Central Register of Controlled Trials 
(CENTRAL) Database Search 
 
ID Search Hits 
#1 MeSH descriptor Pressure Ulcer, this term only 488 
#2 (risk AND assessment) OR (risk AND assessments) or 
(risk AND assessment) OR (risk AND assessments):ab 
22720 
#3 "braden scale" or "braden scale":ab 16 
#4 (Braden AND assessment) OR (Braden AND 
assessments) or (Braden AND assessment) OR (Braden 
AND assessments):ab 
32 
#5 (#2 OR #3 OR #4) 22729 
#6 (#5 AND #1) 99 
#7 (#6), from 2000 to 2010 35 
 
Digital Dissertation (Proquest) 
(IF(Pressure ulcer OR Pressure ulcers OR Pressure sores OR 
decubitus ulcer OR Decubitus ulcers)) AND (ABS(risk AND 
assessment$) OR TEXT(risk AND assessment$))  
Database: Dissertations & Theses  
Look for terms in: Citation and abstract  
Publication type: All publication types 
24 results    
 
 
 
Science Direct (Include article in press) Database 
Search 
        Last run: 10 Oct 2010 
Search Hits 
Pub-date > 1999 and ((TITLE-ABSTR-KEY("Braden scale")  or 
FULL-TEXT("Braden scale")) OR TITLE-ABSTR-KEY(Braden 
AND assessment$) or  FULL-TEXT(Braden AND assessment$) 
OR (TITLE-ABSTR-KEY(risk AND assessment$) or FULL-
TEXT(risk AND assessment$ AND (TITLE-ABS-KEY("pressure 
ulcer$" OR "pressure sore$" OR bedsore$ OR "decubitus ulcer$") 
or FULL-TEXT("pressure ulcer$" OR "pressure sore$" OR 
bedsore$ OR "decubitus ulcer$"))[Journals(Medicine and Dentistry, 
Nursing and Health Professions)]  
[Journals(Medicine, Nursing and Health Professions)] 
 
AND SUBJAREA(mult OR medi OR nurs OR vete OR dent OR 
heal) AND PUBYEAR AFT 1999 AND PUBYEAR BEF 2011) 
909 
 
 267 
 
Conference Proceedings Citation Index (CPCI-S) 
Database Search 
 
 
Scopus Database Search 
Last run: 10 Oct 
2010 
Search Hits 
(TITLE-ABS-KEY("pressure ulcer$" OR "pressure sore$" OR 
bedsore$ OR "decubitus ulcer$")) AND ((TITLE-ABS-KEY(risk 
AND assessment$) OR TITLE-ABS-KEY(braden AND 
assessment$) OR TITLE-ABS-KEY("Braden scale")) AND 
SUBJAREA(mult OR medi OR nurs OR vete OR dent OR heal) 
AND PUBYEAR AFT 1999 AND PUBYEAR BEF 2011) 
909 
 
 
Scirus (Google) Database Search 
 
“pressure ulcer” OR “pressure ulcers” OR “pressure sore” OR “pressure 
sores” OR bedsore OR bedsores OR “decubitus ulcer” OR “decubitus ulcers” 
AND 
(risk AND assessment) OR (risk AND assessments) OR (Braden AND 
assessment) OR (Braden AND assessments) OR “Braden scale” 
 
No. of Hits: 1613 
 
Limits:  
Information type: abstracts, articles, article in Press, conferences, theses and 
dissertations 
Dates: 2000 – 2010 
Subject areas: Medicine 
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e 
in
te
rv
en
tio
ns
 w
er
e 
ba
se
d 
on
 n
ur
se
s’
 
cl
in
ic
al
 ju
dg
m
en
t, 
ra
th
er
 th
an
 o
n 
th
e 
R
A
S
 a
s 
th
e 
nu
rs
es
 w
er
e 
no
t 
aw
ar
e 
of
 th
e 
R
A
S 
sc
or
es
. 
N
on
e 
of
 th
e 
pa
tie
nt
s 
w
ith
ou
t 
m
ob
ilit
y 
im
pa
irm
en
t 
de
ve
lo
pe
d 
pr
es
su
re
 u
lc
er
s.
  
S
ay
ar
 e
t 
al
. (
20
08
) 
P
ro
sp
ec
tiv
e 
co
ho
rt 
st
ud
y.
 
S
ki
n 
as
se
ss
ed
 b
y 
IC
U
 n
ur
se
s 
ev
er
y 
da
y 
un
til
 
di
sc
ha
rg
e 
fro
m
 IC
U
. 
S
ur
gi
ca
l a
nd
 
M
ed
ic
al
 IC
U
s 
in
 T
ur
ke
y 
14
0 
pa
tie
nt
s 
ad
m
itt
ed
 
to
 th
e 
m
ed
ic
al
 
su
rg
ic
al
 IC
U
 
w
ith
 
W
at
er
lo
w
 s
ca
le
 
th
at
 w
er
e 
de
em
ed
 e
ith
er
 
“a
t r
is
k”
 
or
 “v
er
y 
hi
gh
 
ris
k ”
. 
P
at
ie
nt
s 
w
er
e 
pl
ac
ed
 o
n 
de
cu
bi
tu
s 
be
ds
 
w
hi
ch
 is
 m
ad
e 
of
 
vi
sc
o-
el
as
tic
, 
A
ct
iv
ity
- 
de
pe
nd
en
t (
n 
= 
70
) 
vs
. 
A
ct
iv
ity
- 
in
de
pe
nd
en
t a
nd
 
pa
rti
al
ly
 
de
pe
nd
en
t (
n 
= 
70
) 
Fo
ur
-g
ra
de
 P
re
ss
ur
e 
ul
ce
r c
la
ss
ifi
ca
tio
n 
ac
co
rd
in
g 
to
 E
P
U
A
P 
(1
99
9)
. 
I -
 N
on
-b
la
nc
ha
bl
e 
er
yt
he
m
a 
w
ith
 in
ta
ct
 
sk
in
 s
ur
fa
ce
 
II 
- e
pi
th
el
ia
l 
da
m
ag
e,
 a
br
as
io
n 
or
 
bl
is
te
r 
III
 - 
da
m
ag
e 
to
 th
e 
fu
ll 
th
ic
kn
es
s 
of
 th
e 
sk
in
 w
ith
ou
t a
 d
ee
p 
ca
vi
ty
 
IV
 - 
da
m
ag
e 
to
 th
e 
fu
ll 
th
ic
kn
es
s 
of
 th
e 
sk
in
 w
ith
 d
ee
p 
ca
vi
ty
. 
E
nt
er
ed
 in
to
 
M
as
ta
ri 
an
d 
R
ev
m
an
 
IM
 =
 1
9/
10
8 
N
IM
 =
 1
/2
 
M
S
IM
 =
 1
7/
70
 
M
N
IM
 =
 3
/7
0 
W
SR
 =
 2
2.
5 
(6
.6
3)
 
W
SN
R
 =
 
16
.2
1 
(6
.3
1)
 
N
on
e 
of
 th
e 
pa
tie
nt
s 
in
 th
e 
“n
o 
ris
k”
 g
ro
up
 
de
ve
lo
pe
d 
pr
es
su
re
 
ul
ce
rs
. A
ll 
in
di
vi
du
al
s 
th
at
 d
ev
el
op
ed
 
pr
es
su
re
 u
lc
er
s 
w
er
e 
se
da
te
d 
an
d 
im
m
ob
ile
 p
at
ie
nt
s.
 
Th
e 
W
at
er
lo
w
 
sc
al
e 
w
as
 u
se
d 
to
 
sc
re
en
 p
at
ie
nt
s 
fo
r 
in
cl
us
io
n 
in
to
 th
e 
st
ud
y.
 T
he
 
W
at
er
lo
w
 m
ob
ili
ty
 
su
bs
ca
le
 w
as
 n
ot
 
us
ed
 fo
r a
na
ly
si
s,
 
w
hi
ch
 d
id
 in
cl
ud
e 
pa
tie
nt
 a
ct
iv
ity
 
le
ve
l. 
B
ei
ng
 
de
pe
nd
en
t o
n 
ac
tiv
ity
 w
as
 
cl
as
si
fie
d 
as
 
ha
vi
ng
 im
pa
ire
d 
m
ob
ilit
y.
 T
he
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Au
th
or
, 
Ye
ar
 
M
et
ho
ds
 
Se
tti
ng
 
Pa
rt
ic
ip
an
ts
 
Ex
po
su
re
 
O
ut
co
m
e 
D
es
cr
ip
tio
n 
R
es
ul
ts
 
Au
th
or
 C
on
cl
us
io
n 
R
ev
ie
w
er
’s
 
co
m
m
en
ts
 
te
m
pe
ra
tu
re
 
se
ns
iti
ve
 o
pe
n-
ce
ll 
m
at
er
ia
l w
ith
 
pr
es
su
re
-
re
lie
vi
ng
 
pr
op
er
tie
s.
 
M
aj
or
ity
 
of
 th
e 
pa
tie
nt
s 
re
qu
ire
d 
m
ec
ha
ni
ca
l 
ve
nt
ila
tio
n.
 
N
om
in
al
 d
at
a 
us
ed
. 
P
re
ss
ur
e 
ul
ce
r 
pr
es
en
t o
r a
bs
en
t. 
P
re
ss
ur
e 
ul
ce
r i
s 
de
fin
ed
 a
s 
gr
ad
e 
1 
or
 
ab
ov
e.
 
st
ud
y 
fin
di
ng
s 
su
gg
es
t t
ha
t  
im
pa
ire
d 
m
ob
ilit
y 
an
d 
W
at
er
lo
w
 s
ca
le
 
ar
e 
in
di
ca
to
rs
 o
f 
a 
si
gn
ifi
ca
nt
 ri
sk
 
fa
ct
or
 fo
r p
re
ss
ur
e 
ul
ce
r 
de
ve
lo
pm
en
t. 
W
eb
st
er
 
et
 a
l. 
(2
01
0)
 
P
ro
sp
ec
tiv
e 
co
ho
rt 
st
ud
y.
 
S
ki
n 
as
se
ss
m
en
t 
re
vi
ew
ed
 o
n 
al
te
rn
at
e 
da
ys
 o
r u
nt
il 
di
sc
ha
rg
e 
R
oy
al
 
B
ris
ba
ne
 a
nd
 
W
om
en
’s
 
H
os
pi
ta
l, 
A
us
tra
lia
 
27
4 
pa
tie
nt
s 
ad
m
itt
ed
 
to
 th
e 
In
te
rn
al
 
M
ed
ic
in
e 
w
ar
d.
 
M
ob
ilit
y 
im
pa
irm
en
t -
 
un
ab
le
 to
 tu
rn
 
un
ai
de
d 
(n
 =
 3
9)
 
vs
. 
N
o 
m
ob
ilit
y 
im
pa
irm
en
t -
 a
bl
e 
to
 tu
rn
 u
na
id
ed
 (n
 =
 
23
5)
 
P
re
ss
ur
e 
ul
ce
r s
ta
ge
 
de
te
rm
in
ed
 
ac
co
rd
in
g 
to
 th
e 
N
P
U
A
P
 u
pd
at
ed
 
pr
es
su
re
 u
lc
er
 
st
ag
in
g 
sy
st
em
 
(B
la
ck
 e
t a
l.,
 2
00
7)
 
N
om
in
al
 d
at
a 
us
ed
. 
P
re
ss
ur
e 
ul
ce
r 
pr
es
en
t o
r a
bs
en
t. 
P
re
ss
ur
e 
ul
ce
r i
s 
de
fin
ed
 a
s 
S
ta
ge
 I 
an
d 
ab
ov
e.
 
E
nt
er
ed
 in
to
 
M
as
ta
ri 
&
 
R
ev
m
an
 
IM
 =
 6
/3
9 
N
IM
 =
 6
/2
35
 
M
ob
ilit
y 
is
 o
ne
 o
f t
he
 
ris
k 
fa
ct
or
s 
fo
r 
pr
es
su
re
 u
lc
er
 
de
ve
lo
pm
en
t. 
Ef
fo
rts
 
to
 e
ns
ur
e 
th
at
 
pa
tie
nt
s 
ar
e 
ad
eq
ua
te
ly
 n
ou
ris
he
d 
an
d 
fre
qu
en
tly
 
m
ob
ili
se
d 
of
fe
r 
gr
ea
te
r b
en
ef
it 
th
an
 
sc
re
en
in
g.
 T
he
 
P
os
iti
ve
 P
re
di
ct
iv
e 
V
al
ue
 (P
PV
) o
f t
hi
s 
ris
k 
fa
ct
or
 (0
.1
5)
 w
as
 
hi
gh
er
 th
an
 th
at
 o
f 
th
e 
W
at
er
lo
w
 
sc
re
en
in
g 
to
ol
. 
Th
e 
m
ob
ilit
y 
su
bs
ca
le
 s
co
re
 
fro
m
 th
e 
W
at
er
lo
w
 
sc
al
e 
w
as
 n
ot
 
re
po
rte
d 
in
 th
e 
st
ud
y.
 In
st
ea
d,
 
in
ab
ilit
y 
to
 tu
rn
 
un
ai
de
d 
w
as
 
re
po
rte
d.
 T
o 
al
lo
w
 
fo
r p
oo
lin
g 
of
 d
at
a 
in
 th
e 
sy
nt
he
si
s,
 
in
ab
ilit
y 
to
 tu
rn
 
un
ai
de
d 
w
ill
 b
e 
cl
as
si
fie
d 
as
 
eq
ui
va
le
nt
 o
f t
he
 
m
od
er
at
e 
to
 
se
ve
re
 m
ob
ilit
y 
im
pa
irm
en
t. 
1.
1.
2 
O
ut
co
m
e:
 P
re
ss
ur
e 
ul
ce
r S
ta
ge
 1
 a
nd
 a
bo
ve
 (D
es
cr
ip
tiv
e)
 
B
oy
le
 
(2
00
1)
 
P
ro
sp
ec
tiv
e 
de
sc
rip
tiv
e 
Th
re
e 
in
te
ns
iv
e 
53
4 
pa
tie
nt
s 
ad
m
itt
ed
 to
 IC
U
. 
C
om
a,
 
un
re
sp
on
si
ve
ne
ss
, 
N
om
in
al
 d
at
a 
us
ed
. 
P
re
ss
ur
e 
ul
ce
r s
ta
ge
 
C
hi
2  =
 1
0.
19
 
(p
 =
 0
.0
01
) 
P
re
se
nc
e 
of
 c
om
a,
 
un
re
sp
on
si
ve
ne
ss
, 
P
at
ie
nt
s 
w
ho
 a
re
 
in
 c
om
a,
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Au
th
or
, 
Ye
ar
 
M
et
ho
ds
 
Se
tti
ng
 
Pa
rt
ic
ip
an
ts
 
Ex
po
su
re
 
O
ut
co
m
e 
D
es
cr
ip
tio
n 
R
es
ul
ts
 
Au
th
or
 C
on
cl
us
io
n 
R
ev
ie
w
er
’s
 
co
m
m
en
ts
 
ob
se
rv
at
io
na
l 
st
ud
y .
 
D
at
a 
co
lle
ct
ed
 o
n 
ad
m
is
si
on
. 
A
ss
es
sm
en
t 
fo
r p
re
se
nc
e 
of
 p
re
ss
ur
e 
so
re
 
co
nd
uc
te
d 
da
ily
 b
y 
w
ar
d 
nu
rs
e 
in
 
ch
ar
ge
 o
f 
pa
tie
nt
 u
nt
il 
di
sc
ha
rg
e 
fro
m
 IC
U
 o
r 
on
e 
m
on
th
 
af
te
r t
he
 e
nd
 
of
 th
e 
st
ud
y 
pe
rio
d.
 
ca
re
 u
ni
ts
 in
 
S
yd
ne
y  
O
nl
y 
da
ta
 o
n 
ho
sp
ita
l -
ac
qu
ire
d 
pr
es
su
re
 u
lc
er
 
w
er
e 
an
al
ys
ed
. 
pa
ra
ly
si
s 
or
 
se
da
t io
n.
 
P
at
ie
nt
s 
re
ce
iv
ed
 
ro
ut
in
e 
pr
es
su
re
 
ar
ea
 c
ar
e,
 re
gu
la
r 
tu
rn
in
g 
an
d 
re
po
si
tio
ni
ng
, i
n 
ap
pr
ox
im
at
el
y 
tw
o-
 
to
 fo
ur
-h
ou
rly
 
in
te
rv
al
s,
 a
nd
 w
er
e 
pl
ac
ed
 o
n 
ei
th
er
 a
 
m
at
tre
ss
 o
ve
rla
y 
or
 
m
at
tre
ss
 
re
pl
ac
em
en
t w
ith
 
an
 a
ir 
flo
ta
tio
n 
sy
st
em
, a
s 
de
te
rm
in
ed
 b
y 
cl
in
ic
al
 n
ee
ds
. 
P
at
ie
nt
s 
w
er
e 
nu
rs
ed
 o
n 
w
at
er
-
fil
le
d 
“a
ir 
m
at
tre
ss
” 
pl
ac
ed
 o
ve
r 
st
an
da
rd
 h
os
pi
ta
l 
m
at
tre
ss
 a
t P
O
W
. 
S
G
 u
se
d 
in
ne
r 
sp
rin
g 
m
at
tre
ss
es
 
as
 s
ta
nd
ar
d,
 w
hi
ls
t 
S
V
 IC
U
 
us
ed
 a
 s
ta
nd
ar
d 
ho
sp
ita
l m
at
tre
ss
 
as
 ro
ut
in
e 
1 
an
d 
ab
ov
e 
pr
es
en
t 
or
 a
bs
en
t . 
Th
e 
S
tir
lin
g 
pr
es
su
re
 
so
re
 s
ev
er
ity
 s
ca
le
 is
 
a 
fo
ur
-le
ve
l 
cl
as
si
fic
at
io
n 
sy
st
em
: 
0 
- N
o 
cl
in
ic
al
 
ev
id
en
ce
 o
f p
re
ss
ur
e 
so
re
 
1 
- D
is
co
lo
ur
at
io
n 
of
 
in
ta
ct
 s
ki
n 
(li
gh
t 
fin
ge
r p
re
ss
ur
e 
ap
pl
ie
d 
to
 s
ite
 d
oe
s 
no
t a
lte
r t
he
 
di
sc
ol
ou
ra
tio
n)
 
2-
 P
ar
tia
l t
hi
ck
ne
ss
 
sk
in
 lo
ss
 o
r d
am
ag
e 
in
vo
lv
in
g 
ep
id
er
m
is
 a
nd
/o
r 
de
rm
is
 
3-
 F
ul
l t
hi
ck
ne
ss
 s
ki
n 
lo
ss
 in
vo
lv
in
g 
da
m
ag
e 
or
 
ne
cr
os
is
 o
f 
su
bc
ut
an
eo
us
 ti
ss
ue
 
no
t e
xt
en
di
ng
 to
 
un
de
rly
in
g 
bo
ne
, 
te
nd
on
 o
r j
oi
nt
 
ca
ps
ul
e 
4-
 F
ul
l t
hi
ck
ne
ss
 s
ki
n 
lo
ss
 w
ith
 e
xt
en
si
ve
 
de
st
ru
ct
io
n 
R
el
at
iv
e 
H
az
ar
d  
= 
4.
2 
(p
 =
 0
.0
01
) 
pa
ra
ly
si
s 
or
 s
ed
at
io
n 
w
as
 s
ig
ni
fic
an
tly
 
re
la
te
d 
to
 o
cc
ur
re
nc
e 
of
 p
re
ss
ur
e 
ul
ce
rs
. 
 
un
re
sp
on
si
ve
, 
pa
ra
ly
se
d 
or
 
se
da
te
d 
su
ffe
r 
se
ve
re
 m
ob
ilit
y 
im
pa
irm
en
t. 
S
tu
dy
 fi
nd
in
gs
 
in
di
ca
te
 h
ig
h 
lik
el
ih
oo
d 
th
at
 
pa
tie
nt
s 
w
ho
 a
re
 
im
m
ob
ile
 w
ou
ld
 
de
ve
lo
p 
pr
es
su
re
 
ul
ce
rs
.  
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Au
th
or
, 
Ye
ar
 
M
et
ho
ds
 
Se
tti
ng
 
Pa
rt
ic
ip
an
ts
 
Ex
po
su
re
 
O
ut
co
m
e 
D
es
cr
ip
tio
n 
R
es
ul
ts
 
Au
th
or
 C
on
cl
us
io
n 
R
ev
ie
w
er
’s
 
co
m
m
en
ts
 
an
d 
tis
su
e 
ne
cr
os
is
 
ex
te
nd
in
g 
to
 
un
de
rly
in
g 
bo
ne
, 
te
nd
on
 o
r j
oi
nt
 
ca
ps
ul
e.
 
P
er
ne
ge
r 
et
 a
l. 
(2
00
2)
 
P
ro
sp
ec
tiv
e 
st
ud
y.
 
C
on
se
cu
tiv
e 
pa
tie
nt
s 
as
se
ss
ed
 
up
on
 
ad
m
is
si
on
, 
tw
ic
e 
pe
r 
w
ee
k 
fo
r u
p 
to
 th
re
e 
w
ee
ks
. 
M
od
el
lin
g 
of
 
P
U
 ri
sk
 
w
ith
in
 fi
ve
 
da
ys
 
G
en
ev
a 
U
ni
ve
rs
ity
 
(1
10
0 
be
d 
ca
pa
ci
ty
) 
te
ac
hi
ng
 
ho
sp
ita
l  
11
90
 p
at
ie
nt
s 
fro
m
 a
re
as
 w
ith
 
m
od
er
at
e 
to
 
hi
gh
 p
re
va
le
nc
e 
of
 P
U
, i
nc
lu
di
ng
 
in
te
rn
al
 
m
ed
ic
in
e,
 
ab
do
m
in
al
 
su
rg
er
y,
 
or
th
op
ae
di
cs
, 
ne
ur
os
ur
ge
ry
, 
in
te
ns
iv
e 
ca
re
 
an
d 
de
rm
at
ol
og
y 
Fo
ur
-v
ar
ia
bl
e 
m
od
el
 F
ra
gm
m
en
t 
sc
al
e 
us
ed
. 
M
ob
ilit
y 
es
ta
bl
is
he
d 
ac
co
rd
in
g 
to
 
N
or
to
n-
B
ra
de
n 
m
ob
ilit
y 
su
bs
ca
le
 
P
re
ss
ur
e 
ul
ce
r S
ta
ge
 
I t
o 
IV
 
I =
 n
on
bl
an
ch
in
g 
er
yt
he
m
a 
II 
= 
su
pe
rfi
ci
al
 
er
os
io
n 
III
 =
 fu
ll 
th
ic
kn
es
s 
sk
in
 lo
ss
 
IV
 =
 b
re
ac
h 
of
 
un
de
rly
in
g 
fa
sc
ia
 o
r 
ot
he
r d
ee
p 
st
ru
ct
ur
es
 
(N
P
U
A
P
, 1
98
9)
 
R
el
at
iv
e 
ha
za
rd
 (R
H
) 
on
 d
ay
 fi
ve
 =
 2
 
(9
5%
 C
I: 
1.
8 
– 
2.
3)
 
A
dj
us
te
d 
R
H
 =
 
1.
4 
(9
5%
 C
I: 
1.
1 -
1.
8)
 
U
na
dj
us
te
d 
R
H
 o
f 
ba
se
lin
e 
B
ra
de
n 
sc
or
e 
on
 d
ay
 fi
ve
 =
 
1.
8 
(1
.4
 - 
2.
3)
 
M
ob
ilit
y 
is
 o
ne
 o
f 
th
re
e 
Fr
ag
m
m
en
t 
ite
m
s 
th
at
 e
xp
lic
itl
y 
fit
 
cu
rr
en
t m
od
el
s 
of
 
pr
es
su
re
 u
lc
er
 
ca
us
at
io
n,
 th
e 
re
m
ai
ni
ng
 tw
o 
be
in
g 
ag
e 
an
d 
fri
ct
io
n/
sh
ea
r 
Im
pa
ire
d 
m
ob
ilit
y 
is
 a
 s
ig
ni
fic
an
t r
is
k 
fa
ct
or
 in
 p
re
ss
ur
e 
ul
ce
r 
de
ve
lo
pm
en
t. 
Th
e 
m
ob
ilit
y 
R
H
 is
 
co
m
pa
ra
bl
e 
to
 
th
at
 o
f t
he
 g
lo
ba
l 
B
ra
de
n 
R
H
. 
Li
nd
gr
en
 
et
 a
l. 
(2
00
4)
 
P
ro
sp
ec
tiv
e 
co
m
pa
ra
tiv
e 
st
ud
y.
 
P
at
ie
nt
s 
ad
m
itt
ed
 
du
rin
g 
th
re
e 
de
fin
ed
 d
ay
s 
pe
r w
ee
k,
 
co
ns
ec
ut
iv
el
y 
up
 to
 a
 
m
ax
im
um
 o
f 
ni
ne
 p
at
ie
nt
s 
pe
r w
ee
k 
pe
r 
U
ni
ve
rs
ity
 
ho
sp
ita
l i
n 
a 
co
un
ty
 
ho
sp
ita
l i
n 
S
w
ed
en
 w
ith
 
21
 m
ed
ic
al
 
w
ar
ds
 
53
0 
m
ed
ic
al
 
su
rg
ic
al
 p
at
ie
nt
s 
ag
ed
 1
7 
ye
ar
s 
an
d 
ol
de
r, 
ex
pe
ct
ed
 
ho
sp
ita
l s
ta
y 
of
 
at
 le
as
t f
iv
e 
da
ys
, e
xp
ec
te
d 
tim
e 
of
 a
t l
ea
st
 1
 
ho
ur
 o
n 
th
e 
op
er
at
in
g 
ta
bl
e 
(fo
r s
ur
gi
ca
l 
pa
tie
nt
s)
 
R
is
k 
A
ss
es
sm
en
t 
P
re
ss
ur
e 
S
or
e 
(R
A
P
S
) s
ca
le
 
m
ob
ilit
y 
su
bs
ca
le
. 
Th
e 
R
A
P
S 
is
 a
 
m
od
ifi
ed
 N
or
to
n 
sc
al
e 
Fo
ur
-s
ta
ge
 p
re
ss
ur
e 
ul
ce
r 
I =
 n
on
-b
la
nc
ha
bl
e 
er
yt
he
m
a 
w
ith
 in
ta
ct
 
sk
in
 s
ur
fa
ce
 
II 
= 
ep
ith
el
ia
l d
am
ag
e 
(a
br
as
io
n 
or
 b
lis
te
r) 
III
 =
 d
am
ag
e 
to
 th
e 
fu
ll 
th
ic
kn
es
s 
of
 th
e 
sk
in
 w
ith
ou
t a
 d
ee
p 
ca
vi
ty
 
IV
 =
 d
am
ag
e 
to
 th
e 
fu
ll 
th
ic
kn
es
s 
of
 th
e 
To
ta
l s
am
pl
e 
M
ob
ilit
y 
su
bs
ca
le
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, l
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r l
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ac
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 b
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w
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 p
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f d
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 b
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 b
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 b
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.4
8)
/9
17
 
pa
tie
nt
s 
w
ith
 
pr
es
su
re
 u
lc
er
 a
nd
 
th
os
e 
w
ith
ou
t. 
 27
6 
 
Au
th
or
, 
Ye
ar
 
M
et
ho
ds
 
Se
tti
ng
 
Pa
rt
ic
ip
an
ts
 
Ex
po
su
re
 
O
ut
co
m
e 
D
es
cr
ip
tio
n 
R
es
ul
ts
 
Au
th
or
 C
on
cl
us
io
n 
R
ev
ie
w
er
’s
 
co
m
m
en
ts
 
un
de
rm
in
in
g 
an
d 
tu
nn
el
in
g  
 
 
C
ox
 
(2
01
0)
 
D
es
cr
ip
tiv
e 
co
rr
el
at
io
na
l 
de
si
gn
. 
IC
U
 n
ur
se
s 
pe
rfo
rm
ed
 
sk
in
 
as
se
ss
m
en
t 
ev
er
y 
12
 
ho
ur
s ,
 
ke
ep
in
g 
a 
co
m
pu
te
ris
ed
 
re
co
rd
. D
at
a 
on
 B
ra
de
n 
sc
al
e 
sc
or
e 
ta
ke
n 
w
ith
in
 
th
e 
fir
st
 2
4 
ho
ur
s 
w
er
e 
us
ed
 in
 th
e 
an
al
ys
is
. 
M
ed
ic
al
 
S
ur
gi
ca
l I
C
U
 
Te
ac
hi
ng
 
H
os
pi
ta
l i
n 
N
ew
 J
er
se
y,
 
U
ni
te
d 
St
at
es
 
34
7 
ad
ul
t 
in
pa
tie
nt
s 
ag
ed
 
18
 y
ea
rs
 o
r 
ol
de
r a
dm
itt
ed
 
to
 th
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at
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re
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 b
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Appendix H:  Inter-rater Reliability 
 
 
Cohen’s Kappa test for categorical data: Agreement between data collectors 
 
Variable S vs. P S vs. Q P vs. Q Remarks/ Reason for discrepancy 
Braden Subscales 
Sensory 1.000 1.000 1.000  
Moisture 1.000 1.000 1.000  
Activity 1.000 1.000 1.000  
Mobility 1.000 1.000 1.000  
Nutrition 1.000 1.000 1.000  
Friction 1.000 1.000 1.000  
Braden score 1.000 1.000 1.000  
Baseline characteristics 
Discipline Statistics cannot be 
computed 
Code 025: Orthopaedic Trauma (correct  
answer) 
Surgical (S - verified as incorrect); 
Orthopaedic (PQ) 
  Code 038: Cardiology (correct answer) 
* Medical (P), Cardiology (SQ) 
* Hospital Inpatient Discharge 
Summary states: Respiratory 
Medicine (Department): Discharge 
summary and all other relevant 
notes states Cardiology 
Prearrival 
setting 
No statistics are 
computed 
because statistics 
are constant 
0.286 Code 033: Own home (correct answer) 
* Own home (SP); Not documented (Q - 
verified as incorrect) 
   Code 036: Own home (correct answer) 
* Own home (SP); Not documented (Q - 
verified as incorrect) 
   Code 038: Own home-chest pain when 
driving(correct answer) 
* Own home (SP); Not documented (Q - 
verified as incorrect) 
   Code 048: Not documented - not explicitly stated 
(correct answer) 
* Own home (S - OT assessment, pt stays 
alone in 5-room flat); Not documented (PQ) 
Type of 
admission 
0.565 0.608 0.804 Code 031: Scheduled - Elective case (correct  
answer based on clerking notes) 
* Other-clinic (S); Emergency (P); Scheduled 
(Q) 
    Code 037: Emergency - Patient from clinic,  
admitted on the same day for increasing SOB &  
lower limb swelling 
* Emergency (S); Other-clinic (P - not explicitly 
stated); Other-not documented (Q - not 
explicitly stated) 
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Variable S vs. P S vs. Q P vs. Q Remarks/ Reason for discrepancy 
Surgery 
done 
0.783 1.000 0.783 Code 037: No operation (correct answer) 
* No operation (SQ); Have operation (P - 
verified as incorrect) 
Get up & go 
test 
Statistics cannot be 
computed 
Code 030: Get up & go test = 3 (correct answer) 
* GUGT 4 (S); GUGT 3 (PQ) 
  
Code 031: Get up & go test = 0 (correct answer) 
* Missing value (S); 0 (PQ) 
  
Code 033: Get up & go test = 1 (correct answer) 
* GUGT: 1 (SQ); Missing value (P) 
  
Code 036: Get up & go test = 1 (correct answer) 
* Missing value (SP); GUGT 1 (Q) 
  
Code 038: Get up & go test = 4 (correct answer) 
* Missing value (S); GUGT 4 (PQ) 
  
Code 048: Get up & go test = 4 (correct answer) 
* Missing value (SP); GUGT 4 (Q). 
  
Code 096: Get up & go test = 4 (correct answer) 
* Missing value (SP); GUGT 4 (Q) 
GUGT is taken from the eHOR. This is 
additional information that was not listed in the 
data collection form 
 
Had fever (T 
≥ 38 degree) 
Statistics cannot 
be computed 
0.800 Code 025: No fever (correct answer) 
* Missing value (S); No fever (PQ) 
   Code 029: No fever (correct answer) 
* Missing value (S); No fever (PQ) 
   Code 030: No fever (correct answer) 
* Missing value (S); No fever (PQ) 
   Code 033: No fever (correct answer) 
* Fever (S); No fever (PQ) 
   Code 037: No fever (correct answer) 
* Missing value (S); No fever (PQ) 
   Code 048: Fever (correct answer) 
* Fever (SQ); No fever (P) 
   Code 096: Fever (correct answer) 
* Missing value (S); Fever (PQ) 
Fever is not one of the data listed in the data 
collection form. It is additional information 
ICD 9 Statistics cannot 
be computed 
1.000  
Presence of 
sensory - 
Numbness 
No statistics are computed 
because statistics are 
constant 
Answer for all 10 cases are recorded as ‘no’ 
Presence of 
skin integrity 
- Dryness 
No statistics are computed 
because statistics are 
constant 
Answer for all 10 cases are recorded as ‘no’ 
Presence of 
bowel 
incontinence 
No statistics are computed 
because statistics are 
constant 
Code 096: No bowel incontinence - no indication 
in any of the notes that pt has bowel 
incontinence (correct answer) 
* No bowel incontinence (SP); Missing value 
(Q - answer left blank in admission 
assessment) 
Presence of 
urinary 
incontinence 
1.000 1.000 1.000  
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Variable S vs. P S vs. Q P vs. Q Remarks/ Reason for discrepancy 
Presence of 
absorbent 
products / 
diapers 
used 
1.000 1.000 1.000  
Need help in 
turning in 
bed 
(current) 
1.000 1.000 1.000  
Level of 
conscious-
ness 
1.000 1.000 1.000  
Smoking 1.000 1.000 1.000   
Co-Morbidities 
Anaemia 0.348 0.524 -0.087 Code 029: Anaemia present (correct answer 
based on clerking notes) 
* No anaemia (SP - verified as incorrect); 
Anaemia (Q) 
    Code 031: Anaemia present (Hb = 9.1 on a day 
before admission) 
* No anaemia (SQ - not explicitly stated in 
notes); Anaemia (P) 
    Code 036: Anaemia present (correct answer 
based on clerking notes) 
* Anaemia (SP); No anaemia (Q - verified as 
incorrect) 
    Code 048: Anaemia present (correct answer 
based on Hb = 5.3 on admission) 
* Anaemia (SQ); No anaemia (P - verified as 
incorrect) 
    Code 096: Anaemia present (correct answer, Hb = 
9.6 on admission) 
* No anaemia (SQ - Not explicitly stated in 
medical records); Anaemia (P) 
Cardiac 
failure 
1.000 -0.111 -0.111 Code 037: No heart failure (correct answer) 
* Heart failure (SP); No heart failure (Q) 
* Pt diagnosis AMI, which should be 
categorised as CVD, rather than Heart Failure 
    Code 038: Heart Failure (correct answer) 
* No heart failure (SP); Heart failure (Q) 
* Pt diagnosed as CCF, which should be 
categorised as Heart Failure 
Cardiovascu
lar disease 
0.800 0.444 0.600 Code 029: Cardiovascular Disease (CVD) - 
Hypertension (correct answer) 
* No CVD (SP); CVD (Q) 
    Code 036: CVD – Ischaemic Heart Disease  
(correct answer) 
* No CVD (SP); CVD (Q) 
    Code 037: CVD (correct answer) 
* No CVD (S); CVD (PQ) 
Pt diagnosis Acute Myocardial Infarction, 
which should be categorised as CVD, rather 
than Heart Failure 
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Variable S vs. P S vs. Q P vs. Q Remarks/ Reason for discrepancy 
Infection -0.200 -0.190 0.000 Code 025: Infection (correct answer based on   
clerking notes) 
* Infection (SP); No infection (Q - verified as 
incorrect) 
    Code 029: Infection present (correct answer) 
* Infection (SQ); No infection (P - Infection not 
explicit stated in medical records). Patient 
suffered left upper limb oedema since 
admission. Doppler ultrasound was 
performed in view of persistent swelling - 
Deep Vein Thrombosis was present.  Few 
days later, patient developed fever and 
presented with worsening swelling 
accompanied by erythema.  The Vascular 
Physician diagnosed that the patient had 
Fulminant Cellulitis.  Furthermore, 
patient's WBC is abnormal–to-high before 
admission to the clinic as well as on 
admission.  Consequently, it was noted 
that infection was present. 
    Code 030: No infection (correct answer) 
* Infection present (S - highest Temp 37.5); No 
infection (PQ) 
    Code 031: No infection (correct answer) 
* Infection (SP - sepsis on 2nd day of 
hospitalisation); No infection (Q - no infection 
indicated on admission) 
    Code 033: Infection - pneumonia (correct answer) 
* Infection (SQ); No infection (P - verified as 
incorrect) 
    Code 036: No infection (correct answer) 
* Infection (SQ - pt had infection post-op); No 
infection (P) 
    Code 037: Infection - community acquired (correct  
answer) 
* Infection (S); No infection (PQ - verified as 
incorrect) 
    Code 038: Infection - Pneumonia (based on Chest  
X-ray findings + presence of fever (correct  
answer) 
* No infection (S - verified as incorrect); 
Infection present (PQ) 
Renal failure 0.615 No statistics are 
computed 
because statistics 
are constant 
Code 025: No renal failure (correct answer) 
* Renal failure (S - verified as incorrect); No 
renal failure (PQ).  
 
   Code 096: Renal failure present (correct answer) 
* Renal failure (SP); No renal failure (Q - 
verified as incorrect) 
Peripheral 
vascular 
disease 
-0.111 No statistics are 
computed 
because statistics 
are constant 
Code 029: No peripheral vascular disease (PVD)  
(correct answer) 
* No PVD (SQ); PVD (P - misread PID for 
PVD) 
   Code 096: No peripheral vascular disease (correct  
answer) 
* PVD (S); No PVD (PQ) 
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Variable S vs. P S vs. Q P vs. Q Remarks/ Reason for discrepancy 
Cancer 0.800 0.800 1.000 Code 029: Cancer - Caecal Ca (correct answer) 
* No cancer (S - verified as incorrect); Cancer 
(PQ) 
Diabetes 1.000 1.000 1.000  
Medications administered 
Sedatives 0.783 0.737 0.545 Code 029: Sedation - Propofol (correct answer) 
* Sedation (SP); No sedation (Q -verified as 
incorrect) 
    Code 033: Sedation - Ativan (Lorazepam) (correct 
answer changed) 
* No sedation (SQ - verified as incorrect); 
Sedation (P) 
Vasopressor 0.783 0.783 1.000 Code 031: Vasopressor - Dopamine (correct  
answer) 
* No vasopressor (S - verified as incorrect); 
Vasopressor (PQ) 
Calcium 
channel 
blockers 
0.375 0.375 1.000 Code 025: Calcium channel blockers - Amlodipine 
(correct answer) 
* No calcium channel blockers (S - verified as 
incorrect); Calcium channel blockers (PQ) 
    Code 033: No calcium channel blockers (correct 
answer) 
* Calcium channel blockers (S - verified as 
incorrect); No calcium channel blockers (PQ) 
Steroids 0.783 0.600 0.800 Code 031: No Steroids (correct answer) 
* No steroids (SP); Steroids (Q - 
Hydrocortisone on 15 Feb 11 @ 1 pm, PU 
discovered @ 10 pm). Drug administered on 
the day PU was first noted which would 
not change the skin condition in a such 
short time 
    Code 037: Steroids (correct answer –  
Hydrocortisone) 
* No steroids (S - verified as incorrect); 
Steroids (PQ) 
Skeletal 
muscle 
relaxants 
No 
statistics 
are 
compute
d 
because 
statistics 
are 
constant 
0.615 No 
statistics 
are 
compute
d 
because 
statistics 
are 
constant 
Code 036: No skeletal muscle relaxants (correct 
answer) 
* Skeletal muscle relaxant (S - given muscle 
relaxant during surgery); No skeletal muscle 
relaxant (PQ) 
 
    Code 038: Skeletal muscle relaxants (correct 
answer-Suxamethonium) 
* Skeletal muscle relaxant (SQ); No skeletal 
muscle relaxant (P - verified as incorrect) 
Nitorol 
prostandin 
No statistics are computed 
because statistics are 
constant 
 Answer for all 10 cases are recorded as ‘no’ 
Diuretics 1.000 1.000 1.000  
Nitrate 1.000 1.000 1.000  
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Variable S vs. P S vs. Q P vs. Q Remarks/ Reason for discrepancy 
Laboratory tests 
Serum 
albumin 
0.444 0.524 0.444 Code 025: Serum albumin (correct answer) 
* No serum albumin (SP - verified as 
incorrect); Serum albumin (Q) 
    Code 029: Serum albumin (correct answer) 
* Serum albumin (SQ); No serum albumin (P) 
    Code 033: Serum albumin (correct answer) 
* Serum albumin (SQ); No serum albumin (P) 
    Code 038: No serum albumin (correct answer) 
* Serum albumin (S); No serum albumin (PQ) 
To include serum albumin result throughout 
hospitalisation and before PU 
C-reactive 
protein 
0.194 0.310 0.737 Code 025: No C-reactive protein (correct answer)  
To include CRP result throughout hospitalisation  
and before PU 
* C-reactive protein (S); No C-reactive protein 
(PQ) 
    Code 030: No C-reactive protein (correct answer) 
* C-reactive protein (S); No C-reactive protein 
(PQ) 
    Code 031: No C-reactive protein (correct answer) 
* C-reactive protein (S); No C-reactive protein 
(PQ) 
    Code 038: No C-reactive protein (correct answer) 
* C-reactive protein (S); No C-reactive protein 
(PQ) 
    Code 096: C-reactive protein (correct answer) 
* C-reactive protein (SQ); No C-reactive 
protein (P) 
Total protein No statistics are computed 
because statistics are 
constant 
 
White blood 
cell 
No statistics are computed 
because statistics are 
constant 
 
Urea No statistics are computed 
because statistics are 
constant 
Answer for all 10 cases are recorded as  ‘yes’ 
Creatinine No statistics are computed 
because statistics are 
constant 
Answer for all 10 cases are recorded as  ‘yes’ 
Potassium No statistics are computed 
because statistics are 
constant 
Answer for all 10 cases are recorded as  ‘yes’ 
Haemoglobin No statistics are computed 
because statistics are 
constant 
Answer for all 10 cases are recorded as  ‘yes’ 
Haematocrit No statistics are computed 
because statistics are 
constant 
Answer for all 10 cases are recorded as  ‘yes’ 
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Variable S vs. P S vs. Q P vs. Q Remarks/ Reason for discrepancy 
Preventive interventions 
Use of 
skincare 
products 
0.286 0.348 0.412 Code 030: Skincare product (correct answer) 
* Skincare product (SQ); No skincare product 
(P) 
- Allevyn foam according to wound chart on 
15.02.2011, PU on 16.02.2011 
    Code 031: Skincare product (correct answer) 
* No skincare product (SP); Skincare product 
(Q) 
- Aqueous cream started on 12.02.2011 
according to eIMR, PU on 15.02.2011 
    Code 033: No skincare product (correct answer) 
* Skincare product (S); No skincare product 
(PQ) 
- Duoderm & Cavilon cream on 28.01.2011 
according to wound chart. PU on 28.01.2011 
    Code 048: Allevyn foam, Urea 10% cream, and 
Cavilon cream (correct answer) - pt on Allevyn 
foam on 17.10.2010, and barrier cream on 
28.10.2010 according to wound chart. Urea 
cream given to pt started on 18.10.2010 
according to eIMR 
* Others - Cavilon barrier cream & Allevyn 
foam (S); Allevyn foam - according to wound 
chart (PQ) 
- nurses indicated 'cavilon barrier cream' used 
for the sacral redness 
    Code 096: No skincare product (correct answer) 
* Skincare product (S); No skincare product 
(PQ) 
- Mepilex on 14.02.2010 at about 11 pm, PU 
discovered & raised up eHor on 15.02.2010 at 
about 2 am 
2-hourly 
turning 
planned / 
ordered 
0.609 -0.316 -0.174 Code 025: 2-hourly turning order (correct answer 
changed) 
* Turning ordered (SP); No turning order (Q) 
    Code 029: Turning ordered - Mentioned 'turning 
done' in MDP note pg. 63 (correct answer) 
* No turning order (SP); Turning ordered (Q) 
    Code 033: No 2-hourly turning order (correct 
answer) 
* Turning order (S); Missing value (P); No 
turning order (Q) 
PU on 28.10.11, turning chart on 16.02.11 
    Code 048: 2-hourly turning order - indicated in 
MDP notes (correct answer) 
* Turning ordered (S); No turning order (PQ - 
verified as incorrect) 
    Code 096: 2-hourly turning ordered (correct 
answer) 
* No turning order (SP); Turning order (Q - 
nurse indicated turning in MDP notes) 
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Variable S vs. P S vs. Q P vs. Q Remarks/ Reason for discrepancy 
Use of 
diapers 
0.583 0.615 0.231 Code 030: No diaper (correct answer) 
* No diaper (SQ); Diaper (P - verified as 
incorrect) 
    Code 031: Diaper - noted in MDP & SAP (correct 
answer) 
* Diaper (SQ); No diaper (P - verified as 
incorrect) 
    Code 038: Diaper - SAP (correct answer) 
* No diaper (SP); Diaper (Q) 
    Code 096: Diaper - SAP (correct answer) 
* No diaper (SP); Diaper (Q) 
2-hourly 
turning chart 
available 
1.000 No statistics are 
computed 
because statistics 
are constant 
Code 025: 2-hourly turning chart (correct answer) 
* Turning chart (SP); No turning chart (Q - 
verified as incorrect) 
Pressure-
relieving 
mattress 
No 
statistics 
are 
compute
d 
because 
statistics 
are 
constant 
1.000 No 
statistics 
are 
compute
d 
because 
statistics 
are 
constant 
Code 029: Pressure-relieving mattress (correct 
answer) 
* Mattress (SQ); No mattress (P - verified as 
incorrect). Patient admitted on 15.02.2011, 
pressure injury noted on 24.02.2011.  No 
indications that pressure-relieving 
mattress was used, as it was not recorded 
on the Multi-disciplinary Progress note.  
However, rental charge of Autologic II 
commenced on 22.02.2011, 
 
Code 033: No pressure-relieving mattress (correct 
answer, mattress ordered on 28.01.2011, 
same as the date of PU developed) 
* Mattress (SQ); No mattress (P) 
Angle of 
head of bed 
@ 30 
degree or 
lower 
No 
statistics 
are 
compute
d 
because 
statistics 
are 
constant 
Statistic
s cannot 
be 
compute
d 
No 
statistics 
are 
compute
d 
because 
statistics 
are 
constant 
Code 031: Not documented (correct answer) 
* No elevation of head of bed (S); Not 
documented (PQ) 
 
Code 096: Bed 30 deg (correct answer) 
* Not documented (SP); bed 30 deg (Q) 
- doctor ordered 'Sit up 30 deg on 11.02.2010 
in multidisciplinary progress notes. PU on 
15.02.2010 
Use of pillow 
or foam 
wedges 
No 
statistics 
are 
compute
d 
because 
statistics 
are 
constant 
Statistic
s cannot 
be 
compute
d 
No 
statistics 
are 
compute
d 
because 
statistics 
are 
constant 
Code 031: Not documented (correct answer) 
* No pillow (S); Not documented (PQ) 
 
Code 033: Use of pillow (correct answer) 
* Not documented (SP); Use of pillow (Q) 
- nurses have indicated multiple time 'pt 
elevated lower limbs by pillow' in 
Multidisciplinary Progress Note 
Heals off 
bed / float 
No statistics are computed 
because statistics are 
constant 
Code 031: Not documented (correct answer) 
* No heels off bed (S); Not documented (PQ) 
On heel pad No statistics are computed 
because statistics are 
constant 
Code 031: Not documented (correct answer) 
* No heel-pad (S); Not documented (PQ) 
Padding 
between bony 
prominences 
No statistics are computed 
because statistics are 
constant 
Code 031: Not documented (correct answer) 
* No padding (S); Not documented (PQ) 
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Variable S vs. P S vs. Q P vs. Q Remarks/ Reason for discrepancy 
Characteristics of Pressure injury 
Presence of 
pressure 
ulcer 
No statistics are computed 
because statistics are 
constant 
 
Stage of 
pressure 
ulcer 
Statistic
s cannot 
be 
compute
d 
0.615 Statistic
s cannot 
be 
compute
d 
Code 033: Stage I - stated in eHOR on 
28.01.2011 (correct answer changed) 
* Stage I (S); Stage II (PQ - on 02.02. 2011, 
stated in notes) 
    Code 096: Stage I (correct answer) 
* Stage I (SQ); Stage II (P - NM response to 
eHOR and reviewed case 3 days later. PI 
worsened to Stage II) 
Location of 
pressure 
ulcer 
Statistics cannot be 
computed 
Code 030: Sacral - NM eHOR response & MDP 
(correct answer changed) 
* Sacral (S); Spinal/Back (PQ) 
  Code 036: Back (correct answer - according to 
eHor) 
* Sacral (S - wd 27 Nurse Manager response 
in eHOR indicated Spine/Back (PQ) 
  Code 037: Sacral (correct answer, according to 
eHor) 
* Sacral (SQ); Spine /Back (P) 
Note:  
S, P, and Q are Data collectors 
Code refers to study code assigned to the cases 
Hb - Haemoglobin 
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Intra-class correlation for continuous data: Agreement between data collectors 
 
Variable Intraclass Correlation 
95% Confidence 
Interval 
Remarks/ Reason for discrepancy 
Lower 
Bound 
Upper 
Bound 
Baseline characteristics 
Blood pressure on 
admission - Systolic 
0.928 0.811 0.980 S - Data from EMD admission notes 
P - Data from clerking notes 
Q - Data from clerking notes, 
compare with clinical chart. If not 
within range, take 1st BP entry from 
clinical chart. 
Blood pressure on 
admission - Diastolic 
0.786 0.520 0.935 
Same as above 
Nutrition score 0.979 0.941 0.994 Code 030: 
* Nutrition score = 8 (correct 
answer) 
* Nutrition score = 6 (SP - nurse 
calculated wrongly); nutrition 
score = 8 (Q) 
Weight to the nearest 
kg 
Too few cases for analysis 
 
Duration of patient 
stay in EMD  
Too few cases for analysis 
 
Height to the nearest 
cm 
Too few cases for analysis 
 
Duration of surgery in 
hours 
1.000 1.000 1.000 
 
Braden score (raised 
in e-HOR) 
1.000 1.000 1.000 
  
Preventive intervention 
Turning frequency - 
No. of times t on 2-
hourly turning or less 
frequently on days 1, 
2 ,3, and 4 
Too few cases for analysis 
 
  
 
Laboratory blood values 
 293 
 
Variable Intraclass Correlation 
95% Confidence 
Interval 
Remarks/ Reason for discrepancy 
Lower 
Bound 
Upper 
Bound 
Urea 0.999 0.998 1.000 Code 029: Urea 4.3 (correct answer)  
* 4.3 (SQ); 3.7 (P -based on 
Clinical results 6 days before 
admission) 
    Code 048: Urea 7.2 (correct answer) 
* 7.7 (S - EMD results); 7.2 (PQ) 
    Code 096: Urea 24.9 (correct 
answer) 
* 24.6 (S - EMD results); 24.9 (Q) 
The majority of data collected by 
research nurse who discounted 
EMD results. Thus, admission 
results will be used for this 
analysis 
Creatinine 0.997 0.992 0.999 Code 029: Creatinine 54 (correct 
answer) 
* 54 (SQ); 87 (P - verified as 
incorrect) 
    Code 048: Creatinine 93 (correct 
answer) 
* 115 (S -EMD results); 93 (PQ) 
    Code 096: Creatinine 528 (correct 
answer) 
* 546 (SP); 528 (Q) 
Potassium 0.983 0.952 0.995 Code 029: Potassium 3.4 (correct 
answer)  
* 3.4 (SQ); 3.8 (P-clinic result 6 
days prior) 
    Code 048: Potassium 3.4 (correct 
answer) 
* 3.8 (S - EMD result); 3.4 (PQ) 
    Code 096: Potassium 6.0 (correct 
answer) 
* 5.3 (SP - EMD result); 6.0 (Q) 
Haemoglobin 0.592 0.228 0.861 Code 029: Hb 8.7 (correct answer)  
* 8.7 (SQ); 9.7 (P - 6 days before 
admission) 
    Code 033: Hb 14.7 (EMD: 14.7; 
Ward: 14.3 - 3rd day of 
hospitalisation)  
* 14.7 (SQ); 14.3 (P) 
    Code 038: Hb 12.4 (correct answer 
changed) 
* 13.9 (SP - EMD result); 4.69 (Q- 
verified as incorrect) 
    Code 048: Hb 6.8 (correct answer) 
* 5.3 (S - EMD result); 6.8 (PQ) 
    Code 096: Hb 9.0 (correct answer) 
* 9.6 (SP - EMD result); 9.0 (Q) 
     
Haematocrit 0.979 0.942 0.994 Code 029: Haematocrit 25.3 (correct 
answer)  
* 25.3 (SQ); 30.1 (P - 6 days prior 
admission) 
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Variable Intraclass Correlation 
95% Confidence 
Interval 
Remarks/ Reason for discrepancy 
Lower 
Bound 
Upper 
Bound 
    Code 048: Haematocrit 20.9 (correct 
answer) 
* 17.4 (S - EMD result); 20.9 (PQ) 
    Code 096: Haematocrit 28.5 (correct 
answer) 
* 28.0 (SP - EMD result); 28.5 (Q) 
White Blood Cells 0.986 0.961 0.996 Code 029: WBC 10.46 (correct 
answer)  
* 10.46 (SQ); 11.46 (P - 6 days 
prior admission) 
    Code 048: WBC 0.70 (correct 
answer) 
* 1.28 (S - EMD result); 0.70 (PQ) 
    Code 096: WBC 19.39 (correct 
answer) 
* 16.18 (SP - EMD result); 19.39 
(Q) 
Total Protein Too few cases for analysis  
C-reactive Protein - - - Variable type - String in SPSS, 
unable for performing Inter-rater 
reliability test 
Albumin 1.000 1.000 1.000  
Note:  
S, P, and Q refers to the initials of the three data collectors 
Code refers to study code assigned to the “cases” 
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Appendix I:  Summary of Key Results of Exposure to 
Assessments on Preventive Interventions 
 
Preventive 
interventions Assessment Key results Variance Final analysis 
Pressure-
relieving 
mattress 
Braden scale  
(ordinal scale) 
x Overall model was 
significant 
x ‘very high risk’ was the 
only significant risk 
level 
11.5% to 
20.2% 
 
(OR = 39) 
Braden scale 
overall model had 
a slightly higher 
variance 
compared to 
Braden mobility 
subscale 
Braden mobility 
subscale 
(ordinal scale) 
x Overall model was 
significant 
x No significant individual 
mobility severity level  
8.2% to 14.4% 
Braden scale 
(dichotomous 
data) 
Significant at 
recommended risk level 
(‘high risk’ & ‘very high 
risk’) 
6.7% to 11.7% 
(OR = 5.630) 
 
The odds ratio 
and variance were 
comparable at 
the recommended 
risk level for 
Braden scale and 
at cut-off level of 
‘very limited 
mobility’ for 
Braden mobility 
subscale 
Braden mobility 
subscale 
(dichotomous 
data) 
Significant at: 
Immobile 
 
Very limited mobility 
 
3.5% to 6.1% 
(OR=4.052) 
7.3% to 12.9% 
(OR=5.444) 
 
2-hourly 
turning plan/ 
orders 
Braden scale 
(ordinal scale) 
Overall model was 
significant 
‘Medium risk’ & ‘very high 
risk’ were the only 
significant risk levels 
10.5% to 
14.7% 
No comparison 
Braden mobility 
subscale 
(ordinal scale) 
Overall model was not 
significant 
-  
Braden scale 
(dichotomous 
data) 
x Recommended risk 
level (low risk or higher 
at cut-off score ≤ 16) 
was significant 
x ‘Medium risk’ has 
slightly higher variance 
and effect on 2-hourly 
turning planned / 
ordered 
6.3% to 8.9% 
(OR = 3.065) 
 
 
7.7% to 10.8% 
(OR = 3.733) 
No comparison 
Braden mobility 
subscale 
(dichotomous 
data) 
Not significant -  
2-hourly 
turning, chart 
available 
Braden scale 
(ordinal scale) 
x Overall model was 
significant 
x No significant risk levels 
10.2% to 
14.6% 
No comparison 
Braden mobility 
subscale 
(ordinal scale) 
Not significant -  
Braden scale 
(dichotomous 
data) 
x Overall model was 
significant 
x At recommended risk 
level (‘low risk’ and 
‘higher risk’ levels) 
6.7% to 11.7% 
 
(OR = 5.407) 
No comparison 
Braden mobility 
subscale 
(dichotomous 
data) 
Not significant -  
Note: OR = odds ratio  
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Appendix J:  Alignment of Preventive Interventions to 
Risk Assessment and Pressure Injury 
 
Alignment between Braden scale and Braden mobility subscale to pressure-relieving 
mattress in those with and without pressure injury 
 
Braden Scale 
risk level 
(score) 
Braden Mobility 
subscale (score) 
Pressure
-relieving 
mattress 
Turning 
plan or 
orders 
Turning 
chart 
Skincare 
products 
Yes No Yes No Yes No Yes No 
Pressure Injury       
Very high risk 
(≤ 9) 
n = 4 
Immobile (1)  
(n = 3, 75%) 2 1 2 1  3 2 1 
Very Limited (2)  
(n = 1, 25%) 1  1  1  1  
High risk 
(10 - 12) 
n = 11 
Immobile (1)  
(n = 6, 54.5%) 2 4 2 4 1 5 3 3 
Very Limited (2)  
(n = 5, 45.5%) 1 4 2 3 1 4 2 3 
Medium risk 
(13 – 14) 
n = 13 
Immobile (1)  
(n = 2, 15.4%)  2 1 1 1 1 1 1 
Very Limited (2)  
(n = 10, 76.9%) 3 7 6 4 6 4 5 5 
Slightly Limited (3)  
(n = 1, 7.7%)  1 1  1   1 
Low risk (15–
16) 
n = 16 
Very Limited (2)  
(n = 11, 68.8%) 2 9 3 8 6 5 5 6 
Slightly Limited (3)  
(n = 5, 31.2%)  5 2 3 1 4 3 2 
No risk  
(≥ 17) 
n = 56 
Very Limited (2)  
(n = 10, 17.9%) 1 9 2 8 2 8 5 5 
Slightly Limited (3)  
(n = 30, 53.6%) 2 28 7 23 6 24 10 20 
No Limitation (4)  
(n = 16 28.6%) 1 15 3 13 3 13 6 10 
No Pressure Injury       
Very high risk 
(≤ 9) n = 1 
Immobile (1)  
(n = 1, 100%) 1  1  1  1  
High risk  
(10 - 12) n = 1 
Very Limited (2)  
(n = 1, 100%)  1  1  1  1 
Medium risk 
(13 – 14) n = 8 
Immobile (1)  
(n = 1, 12.5%)  1 1   1  1 
Very Limited (2)  
(n = 7, 87.5%) 1 6 2 5 2 5 3 4 
Low risk (15–
16) 
n = 9 
Very Limited (2)  
(n = 3, 3.3%)  3 1 2 1 2 1 2 
Slightly Limited (3)  
(n = 6, 66.7%) 5 1 2 4 2 4 1 5 
No risk (≥ 17) 
n = 81 
Very Limited (2)  
(n = 2, 2.5%)  2  2  2  2 
Slightly Limited (3)  
(n = 44, 54.3%) 3 41 2 42 2 42 15 29 
No Limitation (4)  
(n = 35, 43.2%) 1 34 1 34 1 34 2 33 
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Appendix K:  Detail Investigation Exploring Possible 
Reasons for Pressure Injury 
 
Patient 
Characteristi
c/ Descriptor 
Exploring Possible 
Contributing factor 
Presence of contributing factor 
Pressure Injury No Pressure injury 
 Braden scale 
‘Very high 
risk’  
          + 
 Received 
appropriate 
preventive 
interventions   
   (n = 4) 
 Immobile 
 Very limited mobility 
 Discipline 
o Orthopaedic 
o Medical 
o Surgical 
 Pressure-relieving mattress 
not deployed prior to 
pressure injury 
 Delay in deploying pressure-
relieving mattress following 
identification of risk 
 Diaper  
 Fever 
 Did not use skincare product  
 In ICU/HD 
 Vasopressor 
 Anaemia 
n = 2 
n = 1 
 
(n = 1) 
(n = 1) 
(n = 1) 
No (n = 3) 
 
 
Yes (n = 3) 
 
Yes (n = 3) 
Yes (n = 3) 
Yes (n = 1) 
 
No (n = 3) 
No (n = 3) 
No (n = 3) 
n = 1 
 
 
 
 
 
No 
 
 
- 
 
Yes  
No 
No 
 
No 
No 
No 
 Braden scale 
‘high risk’ 
           + 
 Received 
appropriate 
preventive 
interventions   
     (n = 3) 
 Immobile 
 Very limited mobility 
 Pressure-relieving mattress 
not deployed before pressure 
injury 
 Delay in deploying pressure-
relieving mattress following 
identification of risk 
 Diaper  
 Fever 
 In ICU/HD 
 Vasopressor 
 Did not use skincare product 
 Anaemia 
n = 2 
n = 1 
No (n = 3) 
 
Yes (n = 3) 
 
 
 
Yes (n = 3) 
Yes (n = 2) 
Yes (n = 1) 
Yes (n = 1) 
Yes (n = 1) 
No (n = 3) 
- 
x Braden scale 
risk level – 
‘No risk’ 
(score ≥ 17)  
             + 
x Braden 
mobility 
subscale 
severity of 
mobility 
impairment - 
No limitation 
(score = 4) 
    (n = 51) 
 Braden score on day of 
reported pressure injury 
x 9 
x 10 – 12 
x 13 – 14 
x 15 – 16 
x ≥ 17 
 Diaper 
 Fever 
 Vasopressor 
 In ICU/HD 
 Orthopaedics  
 Sedation 
 Anaemia 
n = 16 
 
2 (12.5%) 
1 (6.3%) 
4 (25%) 
5 (31.3%) 
4 (27%) 
Yes (n = 9, 
56.3%) 
Yes (n = 8, 50%) 
Yes (n = 7, 47%) 
Yes (n = 5, 33%) 
Yes (n = 4, 25%) 
Yes (n = 3, 20%) 
Yes (n = 3, 20%) 
n = 35 
 
- 
 
 
 
 
Yes (n = 10, 
28.6%) 
Yes (n = 1234.3%), 
Yes (n = 4, 11.4%) 
Yes (n = 10,28.6%) 
Yes (n = 2, 5.7%) 
Yes (n = 6, 17.1%) 
Yes (n = 1, 2.9%) 
 
 
